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e@ @ @ @ @ EDITIONe Ready in May 
> eeeee ee. Designed to reflect the current trend of emphasizing funda- 
| eeeee @ e mental principles in the elementary course in themistry, the third 
al at ee a edition of this text provides a more rigorous course of study with 
apesraels antitative asnectc of subject. 
© eee Particular emphasis on the quantitative aspects of the subject 
ee0e5ee Pr Extensive reorganization in the presentation of material has 
© with a view to improvement in instructional methods 
and the scheduling of related laboratory work. 
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@ By Georce W. Warr. 
edl. 
@ Ready in May 
Che various experiments in this accompanying manual have 
eoeeeoeeve?ee been rearranged to correspond to the sequence of subject material in 
eeeoeneveeeese the new edition of General Chemistry. Improvements in the direc- 
®eeee&8eee tions of experimental procedures have been made to provide better 
ae student understanding. The inclusion of a series of flow diagrams, 
eee © @ © @ @ @ the student to gain an overall view of detailed procedures. 
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a new POLYETHYLENE package fo, 
‘Baker Analyzed HYDROFLUORIC ACID 


with these 6 distinctive advantages 


dh 


Increased safety with this large size 
easy-to-remove screw cap. 


Increased protection against contami- 
nation—bottle and pourin 
(both polyethylene) are inert to Baker — 
Reagent 49-52% Hydrofluoric Acid. 


No diaphragm to puncture—no _ Easy pouring when open and safe No acid droplets remaining on lip A drop ata time or even, meas 
acid spray due to sudden release of | handling when closed—pouring © of pouring tube with this special — flow. Two baffles—one at the’ 
pressure in bottle—bottle rim is fitted | tube is completely enclosed by _ drain-back channel—added pro- — controls flow of air while pourir: 
to groove in cap for tight seal. cap and outer sleeve of bottle rim. K “tection for the user. other, at bottom, controls liquid‘ 


The development of this polyethylene bottle with its built-in drain-bad 
spout and 6 distinctive features is just another example of the care 
that Baker takes to safeguard the quality of its Laboratory Chemicals. 


Remember, this new bottle makes pouring easy. You can get controlle 
flow without the danger of acid running down the outside of the bot 


The next time you order Hydrofluoric Acid specify Baker Analyzed 
Hydrofluoric Acid in the new polyethylene package. If your favorite 
laboratory supply house does not have the new Hydrofluoric Acid pa 
in stock he will be glad to get it for you. 


J. T. Baker Chemical Co., Executive Offices and Plant: Phillipsburg, N.} 


Baker Baker Chemicals 


Qa REAGENT FINE INDUSTRIAL 
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A.H.T. CO. SPECIFICATION 


AIR DRIVEN STIRRING APPARATUS 


for OF SIMPLE DESIGN AND HIGH TORQUE, ESPECIALLY AT LOW SPEEDS 


REPLACE, FOR MANY PURPOSES, 
STIRRERS WITH ELECTRIC 


MOTOR DRIVE 
ges 
AIR DRIVEN STIRRING APPARATUS, A. H. T. Co. Speci- 9224-B. 
fication. Of simple design and high torque, especially at low on ; 
speeds; with piston drive, for operation at variable speeds by fen A IF a 
means of compressed air or vacuum. Operates on pressures as flexible rubber connection 


low as 2 lbs. Recommended particularly for use in laboratories 
where volatile liquids or explosive vapors make hazardous the use of 
many electric stirrers. 


The piston drives a sturdy machined flywheel, 314 inches di- 
ameter, and attached stirrer shaft. Air under positive or nega- 
tive pressure reaches the piston chamber through a hollow tube, 
9224. 4 inches long, X %%-inch o.d., by which the apparatus can be 

attached to ordinary support stands. The adjustable chuck 

takes metal or glass rods 14-inch diameter. Rubber tubing 4- 
inch bore can be used to connect the Stirrer to pressure or vacuum 
source. 


Maximum speed, without load, at 15 lbs. air pressure is approximately 2500 r. p. m. 
which can be reduced by changing the pressure at the source. Requires approximately 
13 cu. ft. of ated air per minute at above speed. Will mix 4 liters of Aluminum 
Hydroxide 10% solution thoroughly in a 4 liter beaker using 15 lbs. air pressure or vacuum 
equivalent to 15-inch column of mercury, when using a 2-inch propeller; with 14-inch 
propeller, will mix such solutions thoroughly only when using compressed air. 


9224. ae sagen, Air Driven, A.H.T. Co. Specification, as 
ve 


9224-A. Ditto, with adjustable chuck but without stirring rod.... 11.50 


9224-B. Ditto, without chuck or stirring rod but with shaft, 7/;2-inch 
diameter, extended approximately 2 inches for affixing stirring 
rods by means of rubber tubing secured by wire, etc. As sug- 
gested by the Squibb Institute for Medical Research. Its 
use increases personal safety and permits the stirrer to be used 
either remote from, or at an angle to, the shaft if pressure tub- 
ing of suitable length is used for flexible connection. Without 
glass stirring rod or rubber connection.............. 10.70 


9226. Assembly. Air Driven, A. H. T. Co. Specification, similar to above but 
or use in deeper baths or larger bottles. With brace to eliminate “‘whip”’ 

at the & and insure satisfactory operation in deep containers. Complete with 
7 support with heavy, semi-circular base shaped to fit around cylindrical 


ile pouriny | vessels by 4 to 12-inches diameter and with cadmium plated steel rod 
s liquidfe | 30 inches long X %-inch diameter. This support provides — stability 
and quieter operation than the usual type support. With clamp holder 
but without glass jar shown in illustration. 
Length of stirring rod, inches................-..+++ 12 18 
Diameter of propeller, 2 2 
are 9227. Ditto, Stirrer only, with adjustable chuck and Monel metal stirring rod with 9226. 
ricals. end. 4 
nmgth of stirring rod, inches................... ae. 18 18 With 12-inch Monel stirring rod with brace and with 
22.10 22.60 propeller end, complete on heavy base with 30-in. rod 
yn trove 
e bot 10% discount in lots of 12, No. 9224 to 9227 singly or assorted. 
zed 


aed] ARTHUR H. THOMAS COMPANY 


RETAIL — WHOLESALE — EXPORT 
rg, NJ LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 
Cable Address “Balance,” Philadelphia 
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New Wiley Textbooks in Chemistry 


INTRODUCTION to TEXTILE CHEMISTRY 


By Bruce E. Hartsucn, M:chigan State College. Covers all important textile fibers in detajj: 
development and history, manufactui¢ and processing, physical and chemical properties, and reactions, 
“I consider the book an excellent presentation of the subject, so good in fact that . . . we are planning 
the use of the book in a course in cellulose chemistry and a course in protein chemistry.” —Georg ¢, 
Byler, Philadelphia Textile Institute. 1950. 413 pages. $4.75. Also available is the new manual 
Textile Chemistry in the Laboratory, with 55 experiments. 7950. 75 pages. $1.60. 


CHEMICAL THERMODYNAMICS 


By Freperick D. Rossini, Carnegie Institute of Technology. A concise explanation of the funda 
mental laws of thermodynamics with a rigorous derivation of the many general relations in the subject 
“I find this the most teachable treatment of chemical equilibrium and the Third Law so far.”~ 
Professor Frank Maslan, New York University. 1950. 514 pages. $6.00. 


ADVANCED ORGANIC CHEMISTRY 


By Reynoip C. Fuson, University of Illinois. ‘‘I consider this the outstanding book in its field 
and have adopted it as a standard text in our course in advanced organic chemistry . . . the extrem 
care and use of up-to-date literature references is a most commendable feature. I am sure that other 
have found this text a most welcome addition in the field of organic chemistry.”’—Professor James 4 
Stanfield, Georgia Institute of Technology. 1950. 669 pages. $8.00. 


LABORATORY MANUAL of 
ELEMENTARY ORGANIC CHEMISTRY 


Second Edition. By Georce Hotmes Ricuter, The Rice Institute. Specifically designed for 
students of the biological sciences. New experiments include: trimethylene bromide, camphor 
benzyl alcohol and benzoic acid, DDT, sodium benzenesulfonate, hippuric acid, chlorobenzene, 2 
methyl-1,4-naphthoquinone, and phenthiazine. 1957. 146 pages. $1.80. 


INTRODUCTION to AGRICULTURAL BIOCHEMISTRY 


By R. Apams DutcHer, Ciirrorp O. JENSEN, and Paut M. ALtTHousE; all at The Pennsylvanii 
State College. Covers general introductory material, plant growth, and animal growth; includes such 
important topics as farm chemurgy, pesticides, biological oxidations, and the nutritional requirement 
of humans and domestic animals. Designed for a one-semester course. 7957. 502 pages. $6.00. 


RADIOACTIVITY APPLIED to CHEMISTRY 


Edited by ARTHUR C. Want and Norman A. Bonner; both at Washington University. For senio! 
and graduate students: important information on the possibilities of applying radioactivity to chemit 
try with a summary of the work that has been done. Continues the study begun by the Friedlander 
Kennedy Introduction to Radiochemistry. Part I: principles and ideas; Part II: more than 200 pagti 
of tables with data published from the time of the discovery of radioactivity through 1949. Readyit 
May. Approx. 666 pages. Prob. $7.50. 


An INTRODUCTION to ORGANIC CHEMISTRY 


BENJAMIN Harrow and Percy M. ApFELBAUM; oth at The College of the City of New York. Writtenil 
the same direct, simple, brief style that characterized former editions, with emphasis on elemental] 
essentials. The seventh edition is brought up-to-date and a chapter added on polymers. Ready 
June. Approx. 506 pages. Prob. $5.00. 


Send for copies on approval 


JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N. ! 


4 JOURNAL OF CHEMICAL EDUCATION, MARCH, * 


Seventh Edition. By the late ALEXANDER Lowy and BENJAMIN Harrow. 7th edition revised | 
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HOPKINS and BAILAR 
General Chemistry for Colleges, 


Fourth Ed. 
TO BE PUBLISHED THIS SPRING 


New! Modern and attractive in format, the Fourth Edition js 
thoroughly up to date. Based on the widely-used and well-know, 
General Chemistry for Colleges, Third Edition by Hopkins. 


FIESER and FIESER 
Organic Chemistry, Second Ed. 


PUBLISHED LAST JUNE 


A detailed revision, bringing this popular text up to date in ever 
respect. Two new chapters have been added: ‘Reaction Meche 
nisms’ and ‘‘Heterocyclic Compounds.”’ Changes in topics have been 
determined by the latest research. 1140 pages. $7.5¢ 


FIESER and FIESER 
Textbook of Organic Chemistry 


PUBLISHED LAST OCTOBER 


A careful selection of all the essential material that can be covered in 
the first year. Not a mere abridgment of Organic Chemistry, Second 
Edition. Certain chapters have been rewritten and reorganized, 
others reduced, and some indicated as optional. 749 pages. $6.00 


OELKE 


Semimicro Qualitative Analysis 
PUBLISHED LAST APRIL 


Divided into two major sections: Part I contains chemical theory 
requisite to a thorough understanding of qualitative analysis; Patt 
II, laboratory directions and applications of theory. Topics in Parl 
I are arranged in sequence to correlate with the laboratory work it 
Part II. 386 pages. $4.00 


D, C. HEATH AND COMPAN 


COLLEGE DEPARTMENT— __ 285 Columbus Avenue, Boston! 
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of tremendous value... 


“it will insure the success of the particular | 
colorimetric procedure.” 


RING Stanley Levey, American Journal of 
CLINICAL PATHOLOGY 


tion is “... of invaluable help to all workers in TH E MAN UA L of 
de tora fff PROCEDURES for 


“Toy W. Boones SPECTROPHOTOMETRIC 


JUNE the original procedure." 
Barry Commoner, SCIENCE By HAROLD J. FISTER 
Overy voluminous, practical laboratory 
Meche- manual . . . valuable to any clinical Never before has a book like this 
ve been laboratory." been published especially for 


clinical and biological techni- 
cians . . . a book that will save 
hundreds of hours and hun- 
dreds of dollars in preparing 
most procedures for spectro- 
photometric chemistry. 


Norris W. Rakestraw, The Journal of i 
CHEMICAL EDUCATION y 


‘,..» written in a very clear 

and concise way, with all the 
individual reagents and steps in 
the procedures numbered and well 
separated for easy reading.” 
M. G. Mellon, ANALYTICAL 


Outlines, in detail, a step- 
by-step procedure for per- 


BER cae orming each determina- 
tion. All methods were 
ered in painstakingly worked 
Second Contains: out on the Coleman 

spectrophotometer, but 
anized, METHODS for the _ are adaptable to nearly every 

$6.00 224 determination of instrument marketed today, in- 


cluding Beckman, Brociner-Mass, 
Klett-Summerson, Leitz, Hellige, Cenco, 


SUBSTANCES in various 
115 biological fluids; includes Lumetron and Evelyn. 
Includes only the latest and most approved 
CALIBRATION clinical methods . . . accurate, easily applicable, simple. 
Il CURVES and All methods were proved under actual working con- 
; ditions by independent authorities. 
PRIL CHARTS. Price $30 per Copy 
No fewer than Even if you use only a few of these many procedures, this manual 
theory will pay for itself many times over in a very short period. Order your 
- Part TESTS can be performed copy now or send for FREE DESCRIPTIVE LITERATURE. 
” Par 339 from the STANDARD SCIENTIFIC SUPPLY CORP., Publishers 
in 59 34 West 4th Street, New York 12, N. Y. 
york il 12 loose-leaf PAGES of this 
manual, printed in large, Standard Scientific Supply Corp. JCE-3 ; 
clear type on paper 34 W. 4th St., New York 12, N.Y. 
especially selected to stand Please send copies of Fister's Manual of Standardized Pro- 
constant laboratory han- cedures for Spectrophotometric Chemistry, at $30 each. 
dling, and bound in a hand- () Payment herewith CO Bill us 
some, 7-ring, gold-embossed 
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SIMPLE OPERATION: In a 
series of titrations, simply fill the burette, 
place the sample in the beaker—and the 
Beckman Automatic Titrator takes over from 
there. Raising the beaker holder into posi- 
tion automatically starts the stirrer motor and 
begins delivering titrating solution into the 
sample. 

A special circuit electrically anticipates 
the approaching end point, scaling down 
delivery of the titrating solutigg.in progres- 
sively smaller increments to assure a highly 
accurate titration. When the end point is 
reached, delivery of the titrating solution 
stops and a light shows com- 
pletion of the titration—all 
automatically and without at- 
tention from the operator. 

Whether your laboratory 
is large or small the Beckman 
Automatic Titrator provides 
important advantages in your 
titrating operations... ~~ 
> It releases the technician dur- 

ing titration, enabling him 
to perform other operations 


Here’s another new Beckman ad- 
vancement in instrumentation —an in- 
strument that runs your titrations for 
you. It’s the Beckman Automatic Titra- 
tor—the instrument that makes accu- 
rate titrations more rapidly and con- 
veniently than by manual methods. 


such as preparing samples, or calculating 
results. 


pt eliminates the fatigue caused by close 


observation required in manual procedures. 
blt gives objective, reproducible results... 

eliminates errors due to personal factors. 
bit provides time-saving conveniences for 
sample handling. 
| 


PERFORMS A WIDE VARIETY OF TITRA. 
TIONS —Neutralization, Oxidation. Rg 
duction, Precipitation, Complex-Formg, 
tion and other types. 


NO SPECIAL TRAINING IS REQUIRED. 
rapid and accurate titrations can read, 
ily be performed without special skill 
or technique. 


QUICK, SIMPLE OPERATION—com 
many routine titrations in only 1-14 
minutes — even titrations to 0.1% accy. 
racy in 22 minutes or less. Change of 
sample is simple, rapid—a single motion 
raises, locates and secures new sample 
in Operating position. 


CONVENIENT, VERSATILE, ADAPTABLEe 
0° to 100° C temperature compensa 
tion... adjustable holder accommo 
dates 10 ml to 400 ml beakers or simi. 
lar vessels... instrument may be used 
with all standard burettes down to § 
ml...as many as four delivery units 
accommodated by single amplifier con 
trol unit.... uses standard Beckman 
electrodes . . . electrode holders and 
delivery tip can be pivoted into any 
required position... ample provision 
for mounting heating devices or othe 
special equipment. 


ALSO A RELIABLE pH METER =the Beck 
man Automatic Titrator can also be 
used as an AC-powered pH meter © 
give accurate readings over the range 
0 to 14 pH, as well as millivole read 
ings from —600 to +1400 mv. 


For full details on this new Beck- 
man instrument see your authorized 
Beckman dealer—or write direct. 
Beckman Instruments, National Tech- 
nical Laboratories, South Pasadena 

36 , California. 
Factory Service Branches: 
NEW YORK — CHICAGO — LOS ANGELES 


BECKMAN INSTRUMENTS 


control modern industries Beckman Instruments include : pil Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instrements 
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Case bound impreg- 
nated buckram cover, 
end-stitched for durabil- 
ity and firmness in 
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12, 000 products 


FOR 
INSTANT AVAILAB 
All items 
NUMBERED 
CONSECUTIVELY 


ALPHABETICALLY 


SCHAAR 


CHICAGO 7, 


an read. e | C). 
1% accu Vividly Dlustrated 
med finger-tip information 
4 
‘ EASY TO READ 
@ LISTED 
Simply worded \\ 
ANDY TO USE money were poured into this 
new, concise catalog to make 
| the most complete, most 
informative, yet simple-to-use 
handling. catalog in the laboratory 
LE 


THREE OUTSTANDING VALUES 


for Your Laboratory 
HANDY E> EFFICIENT LOW COST 


The Fynest Lyne gives a sharp, clear marking on all surfaces: Food 
labels, metals, glass, china, cellophane, aluminum, plastics, metal, 
foils and painted surfaces. The new '/,” nib is the answer to 1001 
marking jobs where a thin but sure line is needed. With Fynest Lyne 
you can mark test tubes and pipettes and other lab equipment as well 
as drill bits, files, chisels and other tools—in fact, wherever there is 
a small area to be marked YOU NEED FYNEST LYNE. 

The new Fynest Lyne has rugged construction; the 4-inch 
writing nib which will neither crack nor clog, the self-filling, 
non-leaking features (no valves or gadgets)...and there’s no 
danger of smearing because the ink dries instantly as you 
write. All these features are available to you now in 
this amazing new Fyrest Lyne marking pen. 

SPECIFY COLOR..... BLACK....RED....BLUE 


No. CE-32590 $4.50 ea 8, 


1 pen with 2 oz. ink. 
No. CE-32590-1 Extra 2 oz. bottles of ink... .50 ea. 


PORTABLE NEOPRENE COATED 
DRAINING AND DRYING RACK 


(Complete with metal drain pan) 


MAY BE USED IN 3 CONVENIENT POSITIONS 

1. Lying Down 2. Hung on Wall 3. Standing Upright 

NEOPRENE COATED—Heavily and completely throughout with chemically 
resistant Neoprene. 

CAPACITY—Will hold 90 pieces of glassware at one time. Contains 72 pins of 3’ 
length and 18 pins of 5” length. 

DRAIN PAN—Heavy gauge, rust-resistant metal covers entire bottom and back of rack. 
CONSTRUCTION—Made entirely of extruded strong steel wire electrically spot 
welded throughout. 

DIMENSIONS—19” high x 18'/2” wide X 7!/,” deep at base. 


Weight 4'/2 lbs. 

OUTSTANDING FEATURES 
© No chipping or breakage of glassware. 
© Economical and sturdy—will last indefinitely. 
© Neoprene coated, resistant to many chemicals and oils. 
© No warping—no absorbing of liquids. 
¢ All drainings caught in rust-resistant pan. No mess. 
No. CE-39315 with metal drain pan 


THE NEW B & L MICRO-LITE 


Here is an abundance of illumination for your transparent imen work-—from low power through oil 
immersion. Convenient form, compact (only 8'/, X 3!/s in) and lightweight (just over 2 lbs. including 
cord). Uses an ordinary 40-watt lamp. 

Louvers on the top and bottom keep the temperature comfortably cool. The ball and socket joint, pressure 
controlled, permits directing the light in any direction. 

The condensing lens is of the bull’s-eye type with one surface ground to provide evenly diffused illumina- 
tion. Above this lens is an anti-glare shield completely protecting the user's eyes from stray light. 


$7.50 ea 


127 WEST HUBBARD STREET 


CHICAGO 10. ILLINOIS 
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Calg No. CE-27905 With built-in and off switch and 6'/, ft. of ULL. 

Approved cord. 115-120 V., A.C. or 

59 Five or more—10% discount 
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pee LABORATORY APPARATUS & REAGENTS + INDUSTRIAL CHEMICALS 


THE GREATEST ADVANCE 
IN ANALYTICAL 
BALANCE DESIGN 


on wy 


ly 
k. 
ot 
ONLY IN A CHRISTIAN BECKER ° Chustian 
WILL YOU FIND THESE FEATURES : 
...a complete line of Analytical Balances. 
*  Speed-up Operation—New design, quick- + 
, acting damper, smooth-acting, one-motion 
rider lifter, immediately accessible con- 
' * trol knobs speed operation. ° 
‘ + Less Eye Strain—Tapered case design im- - Never before such modern Design...such ease 
> , Proves lighting, focuses light on reading use 
area, beam index. White inside of Ope ration...such Depe ndability in 
* finish diffuses light. 
* Quicker Readings—Larger, easy to see . 
| . _ Bumerals on scientifically positioned, con- Your Supply House Salesman will be glad to show you 
stant-eye-level dial and vernier. All ad- ° 
Working Access—Entire front of =. 
alance opens. Full working area instantly 
model best suited to your requirements. For full 
information ask your Supply House Salesman or write: 
dulling, beam arrest arms and beam pivot 
* on a common axis—no sliding of knife 3 
+ edge on bearing surface. ° 
° 
Division of 
THE TORSION BALANCE COMPANY 
‘Beckerloy’ Weights 
» Main Office and Factory: Clifton, New Jersey « Sales Offices: Chicago « Dallas « San Francisco 
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Their long, useful life means low costs 


Fewer culture tubes are broken than 
are retired from use because of etch- 
ing and scratching. Tubes that stay 
clear provide the longest service— 
give you the lowest costs. 

Kimble Culture Tubes are made of 
Kimble N51A glass—a borosilicate 
glass that has higher chemical dura- 
bility than any other available. 


KIMBLE GLASS TOLEDO 1, OHIO = 


Kimble Culture Tubes No. 45048 and No. 45066 (with screw cap 


In laboratories across the nation, 
tubes of Kimble N51A glass outserve 
others by wide margins. They espe- 
cially resist alkaline and neutral solu- 
tions, including hot water and steam. 

Make tests yourself. Use Kimble 
Culture Tubes side by side with any 
others available. Match them for clar- 
ity, for long life, any way you want. 


Provided with sandblasted spot for markinj 
for you 


Your own records will show you he 
well these tubes serve... how mué 
they can save. 

You'll find, too, that Kimble € 
ture Tubes are the lowest-price 
borosilicate tubes on the market. Yo 
laboratory supply dealer will be g 
to give you complete informa 
about prices, types and sizes. 


Division of Owens-Illinois Glass Company 
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Are manufactured to meet definite standards of purity . . . 
standards which have been set up to insure products suit- 
able for research and analytical use. These standards are 
based upon the publications of the Committee on Analytical 
Reagents of the American Chemical Society and our own 
experience of over thirty years in the manufacture of fine 
chemicals. 


C & B Products are Distributed by Laboratory and Physician 


arkiny Supply Houses throughout the World. 

u ho 

mud Write for Copy of our Catalog 
* 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


COLEMAN BELL 
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price 
list 
G 23006 A: Stopcock adapter, 
Universal, Small, for stopcocks 
up to and including 4mm. bore. 
each $1.50 
in 1 dozen lots: 10% discount 
in 2 dozen lots: 15% discount 
in 3 dozen lots: 20% discount 


20-26 N. MOORE STREET 


Here is a boon to all laboratory workers who require pressure stopcocks for 
burets, gas sampling and measuring apparatus, etc. For the Universal Stopcoc 
Adapter is a single size adapter which will convert any glass stopcock up to 
and including 4mm. bore to a pressure tight stopcock. 


Exceptionally strong and rugged with a functionally modern contour, this 
new stopcock adapter eliminates the annoyance of leaking stopcocks and th 
high cost of special pressure stopcocks. It is manufactured completely of cor 
rosion resistant materials. 


detailed description 


The adapter consists of an internal adjustable clamp made of corrosion resist: 
ant spring bronze, cadmium plated, which grasps the stopcock plug and to 
which is fastened an aluminum screw. Fitting around this clamp is an alt 
minum barrel which rests against the shell of the stopcock. A beryllium bronz 
coil spring fits around the aluminum screw and two aluminum nuts are used t0 
fix the compression in the spring against the aluminum barrel. An aluminum 
washer is used on the smaller sized stopcocks. 


NEW YORK 13,.N.Y. 


JE'E 
: 
UNIVERSAL 
3 
stopcock 
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o1 
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Above is a 

corner of one of a 

number of recent laboratory 

installations in many varied 

fields of industry, science 
and research. 


you can save by using a. s. aloe 


as your complete source for 


laboratory supplies 


Whether you are expanding, buying replace- 
ment equipment, or planning a new laboratory, 
one complete source for your laboratory sup- 
plies saves you dollars through lower prices 
on quantity purchases... time in placing 
numerous orders... manpower in handling 
multiple shipments. 


Furniture, Apparatus, Chemicals 

Our complete stocks are geared to all your 
laboratory needs. Aloe’s new stainless steel 
Moduline Furniture has already proved excep- 
tionally satisfactory for the modern laboratory. 
Built in standard units, this furniture incor- 
porates the savings of mass production with 
maximum versatility for long range planning. 


s. aloe company 


1831 Olive Street St. Lovis 3, Missouri 


Our apparatus stocks include a wide selection 
of items for routine and special work. Inorganic 
and organic chemicals, rare sugars, culture 
media, dyes and stains are always in stock. 


Service Departments 


We maintain a Planning Department for work- 
ing up plans on new installations and a Re- 
search Laboratory to help locate unusual items 
or procedures, and in preparing special reagents. 
Both at your service without charge. 


Complete Catalogs 


If you do not have copies on file of our General 
Laboratory Apparatus and Equipment Catalog 
No. 102 and Moduline Furniture Bulletin No. 
T-300, send for them today. 
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Research Laboratories 


Chemical Control 


Product Planning and Development 


Educational Laboratories 


BAKER & ADAMSON and Fie Che 
GENERAL CHEMICAL DIVISIO 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N.Y, = 
of Albany Atlanta ¢ Baltimore* Birmingham* Boston ¢ Bridgeport* Buffalo* ¢ 
icago 


Cleveland* Denver* Detroit* Houston* Jacksonville * Los Angeles* Minne 

New York* Philadelphia* Pittsburgh* Providence* St. Louis*’* San Francisco* * Seattle * Yakima (Wall 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited * Montreal* © Toronto* © Vanco 


SETTING CHEMICAL PUR 138 
* Complete stocks are carried 
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Kimble Exax Retested Burettes 


tested supply formula for educational laboratories 


Here’s a combination you can depend on—Kimble _ In addition to handling the Kimble line, WILL has 
Glassware and the complete WILL facilities for sup- served the educational field for over thirty years— 
plying it—along with all your other laboratory needs. supplying the products of over 900 other leading 


manufacturers of scientific equipment and supplies. 
Five large and diversified warehouse stocks are at 
your disposal—along with skilled personnel experi- 
enced in handling the specialized requirements of 
educational laboratories. 


Take, for example, the Kimble Exax Burette— 
widely used in the educational field. It combines high 
accuracy with ruggedness—sturdy, carefully annealed 
glass. For complete accuracy, tip openings are gauged 
to deliver the contents at a controlled speed—to com- 
pensate for the error that could be introduced by the * * * 
liquid left behind on the wall of the burette. This is an For dependable, complete supply service 
example of the quality built into all Kimble products. get in touch with our nearest office-warehouse. 


SOUTHERN SCIENTIFIC C WILL CORPORATION 
BUFFALO 5, N. Y. @ BALTIMORE 1, MD. 
BUFFALO APPARATUS CORP. 


= 
— 
Charlon's 
Minne@ 
na (Wash) 
Vanco 
KUUCMEDIEK 3, N. T. WILL CORP. 
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ELECTROANALYZER 


rapid analysis 


of metals 


The Cenco Two-Unit Electroanalyzer saves time in the quantitative 
electroanalysis of metals. Independent controls provide current 

up to 5 amperes to each or both stations simultaneously. 

Meters indicating volts and amperes are mounted with selector 
switch on the front panel. 

Polystyrene electrode holders resist corrosion, facilitate adjust- 
ment of electrodes, and provide effective clamping. This improved 
unit is highly recommended for chemical analysis of zinc, base 
die casting alloys (ASTM E47-45), copper and lead in aluminum 
alloys (Aluminum Research Institute Methods Cu 2-47 and Pb 2-47), 
copper in ferrous metals (ASTM E30-45), copper and lead in 
brasses (ASTM E36-45). Also available in a six-station model. 


Write for descriptive circular 1200 


SCIENTIFIC INSTRUMENTS e LABORATORY SUPPLIES 
1700 IRVING PARK ROAD, CHICAGO 13, ILLINOM 


CHICAGO NEW YORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES TORONTO MONTREAL V. 
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HARRY N. HOLMES 


STUART R. BRINKLEY 


CARL F. PRUTTON 


& 
SAMUEL H. MARON 
d 
7), 
LILLIAN MEYER 


Coming in the Spring! 


Introductory College Chemistry 


Fifth Edition 


This fifth. edition has been more radi- 
cally revised than previous editions to 
bring the text in line with present con- 
cepts of teaching chemistry. More 
emphasis is placed on the influence of 
size and structure of the atom. The 


early preliminary treatment of atomic 
structure is developed more fully and 
the periodic system brought forward. 
Meets the needs of all beginning chem- 
istry students. 

To be published in April 


Principles of General Chemistry 


Fourth Edition 


This text presents general chemistry 
to those students who are majoring in 
chemistry and need a good foundation 
for advanced work in the field. The text 
has been thoroughly revised in this edi- 


tion. It gives more emphasis to the ex- 
perimental background of fundamental 
principles, closer integration of experi- 
mental data and theory, and a broad 
coverage of inorganic chemistry. 


Fundamental Principles of 
Physical Chemistry 


Revised Edition 


Dr. Maron has revised this basic text 
for college courses in Physical Chemis- 
try, so that the number of problems has 
been increased by about thirty per cent. 
The nonessential material in previous 
editions has been deleted and the ap- 


proach has been simplified where nec- 
essary. The text provides a thorough 
modern training in the essential prin- 
ciples of Physical Chemistry, and their 
correct application. 

To be published in May 


Introductory Chemistry 


This text is designed for a one year 
course in chemistry for those students 
who need a basic knowledge of organic 
and inorganic chemistry for their ad- 
vanced study in other fields. Here, 


chemistry is presented in terms of its 
applications to the biological sciences, 
nursing, physical education, nutrition, 
and home economics. The book is 
written in an informal, clear manner. 


THE MACMILLAN COMPANY 
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Much More Than Any 


Other Triple Beam 
Balance on the Market! 


TRIPLE BEAM BALANCE with 
STAINLESS STEEL PLATE BEAMS 


Its 2610 gram capacity puts the Ohaus Triple 
Beam Balance in a class by itself. This is made 
possible by the use of two attachment weight 
pivots, to each of which can be added a thou- 
sand grams. The result is a total capacity for 
the scale of 2610 grams. 


Thus, the Ohaus Triple Beam Balance can take 
more material to be measured in one loading 
than any other triple beam balance on the 
market. 


The stainless steel plate and beams assure 
long life for the scale, because practically no 


chemical reactions or accidental physical blows 
can affect the scale. It is particularly accurate, 
because the steel tongues on the sliding poise 
fit perfectly into the accurately milled notches 
at every beam calibration, thus insuring abso 
lutely correct positioning. 


Ohaus's patented self-aligning bearings assure 
minimum friction and full contact with knife 
edges at all times. The scale shown is only one 
of a complete line of Triple Beam Balances— 
featuring removable pans, scoops, animal cages, 
and tare beams — which further point up the 
versatility of Ohaus Triple Beam Balances. 


Write for Complete Catalog and Name of Dealer Nearest You. 
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Trademark Reg. U.S. Pat. Off. 


E. H. Sargent & Co., the manu- 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 


facturer of Polarographs, offers 
three different Polarographs— 
the Model XXI Visible Chart 
Recording; the Model XII 
Photographic Recording, and 
the Model III Manual. 

The Model III Polarograph 
may be used in any phase of 
polarography, but it is partic- 
ularly recommended for appli- 
cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm. 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Each 
graduation is extended 15 mm. aeleft for zero adjustment. 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is by 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sensi- 
tivity coefficient of galvanometer. To adjust galvanometer 
sensitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 


— plicity of design make the Model III Polarograph ideal Another potentiometer incorporating a power switch 
an for demonstrations and illustration of the basic circuit serves to select the desired voltage across the bridge. A 
ig oa employed in Polarographs. panel mounted voltmeter accurate to 1.0% of full scale 
np Essentially the Model III provides facilities for the indicates the voltage established. 
1g abs" B incremental application of voltage across the dropping The instrument is mounted on a cast aluminum base 
mercury electrode cell and for indicating the resultant and enclosed in a sheet metal housing provided with a 
s assure Current passing through the cell. The cell current is hinged top and finished in black enamel. All controls are 
th knife — measured by a highly sensitive galvanometer from which mounted on a polished aluminum panel. 
only one & line light image is transmitted, through a mirror system, $-29290 POLAROGRAPH—Manual, Indicating, Model 
lances — [0a translucent scale located above the instrument panel. III, Sargent. Complete with three No. S-30858 dry cells, 
sl cages; & The scale is double graduated from —150 to +150 mm. one No. S-29304-A galvanometer lamp, one set No. P.N. 
¢t up the 1995 cell lead wires, one No. P.N. 2067 calibrating 
nces, resistor plug, 250,000 ohm, and cord and plug for con- 
nection to standard outlets. For operation from 115 volt 
he 50 or 60 cycle circuits $390.00 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 


lease mention CHEMICAL EDUCATION when writing to advertisers 21 


MODEL | () | A 
= 
SAAGENT 
| 
Yj 
| 


COLLEGE, 


The first one volume text to include both molecular N 
structure and chemical kinetics 
by Walter J. Moore, The Catholic University of America a 
PHYSICAL CHEMISTRY is also the first text to present wave mechanics and | : 
statistical mechanics as an integral part of physical chemistry. Emphasis e 
throughout the book is placed on molecular structure and its relation to Cy 
thermodynamic and kinetic behavior. The text plans a rigorous full year G 
or three-semester course for the senior level, yet its general style is informal. Cu 
Cn 
The text begins with thermodynamics and the following five chapters Cc 
show the applications of thermodynamics to chemistry. This arrangement c 
enables the laboratory work to be closely integrated with the lectures. * 
A historical, essentially non-mathematic discussion of atomic structure and ¢" 
nuclear chemistry comprises Chapters 8 and 9. Chapter 10 includes the € 
basic principles of quantum theory and the ideas of quantum mechanics. C, 
The last chapter discusses chemical kinetics, bringing to bear all of the 
methods previously developed, and includes a discussion of modern 


reaction rate theory. 


Mathematical exactness is stressed. Almost every equation is fully 
derived by standard methods as soon as it enters the discussion. A back- 
ground of calculus is assumed, together with a knowledge of second-year 
college chemistry and college physics. Over 200 illustrations supplement 
the text material. Other study aids include line drawings, graphs, tables, 
footnotes, and bibliographies of reference material. 


The Description of Physicochemical systems Particles and Waves 
The First Law of Thermodynamics The Structure of Molecules 
The Second Law of Thermodynamics Chemical Statistics 
Thermodynamics and Chemical Equilibrium Crystal 

ystals 
Changes of State vine? 
Solutions and Phase Equilibria Liquids : 
The Kinetic Theory Electrochemistry 
The Siructure of the Atom Surface Chemistry 
Nuclear Chemistry and Physics Chemical Kinetics 
Published 1950 640 pp. size 6x9 


Send for your copy today! 


PRENTICE-HALL, INC. MI 
70 Fifth Avenue New York 11, N. Y. i 
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ANOTHER MERCK SERVICE 


Write Today For Your Free Copy of This 


New, Handy Chemical Reference Chart 


FORMULA CALCULATIONS 
Multiples of Element Weights 


THE 
CLASSES For o 
RGANIC COmPouNn 
Ds 


Other Merck charts available include: 
* Periodic Chart of the Elements 

* Sensitivity of Qualitative Reactions 
* Qualitative Analysis Chart 


DESIGNED FOR LABORATORY 
AND CLASSROOM USE: 


Prompt Classification of Organic Com- 
pounds According to Solubility 


(easy reference to the 9 basic 
solubility classes.) 


Rapid Calculation of Higher Molecular 
Weights for Compounds Containing 
C, H, O, N, S, Cl, Br, I. 
(logarithms of multiple elements 
in one handy table.) 


All this useful information, including 
logarithm tabie and latest atomic weights 
in one handy chart, folded and punched 
to fit your notebook. 

Continuing a long tradition of scientific service, we 
are happy to make this latest informational chart 
available to the chemical profession and to the many 


thousands in its ranks who depend in their daily 
work on the unvarying purity of Merck Laboratory 


MERCK 
LABORATORY 
CHEMICALS 


MERCK & CoO., Inc. 
Rahway, New Jersey, Dept. ED-3 


copies of your new Chemical 
Formula Calculation Chart. 


Number Log Number Log Number Log 
12.01 | H 1.008  .0035 | O 16 2041 
24.02 3806 | 2.016 | O, 32 5052 
36.03 | H; 3.024 | 48 6812 
48.04 .6816 | H, 4.032 | O, 64 8062 
60.05 .7785 | Hy 5.040  .7024 | 80 9031 
72.06 | 6.048 .7816 | 96 9823 
: 84.07 .9246 | H, 7.056 .8486 | O; 0492 
96.08  .9826 | He 8.064 .9066 | O, 128 (1072 
108.09 .0336 | Hy 9.072 | 0, 144 1584 
Ce» 120.10 0795 | Hi 10.08 0035 | 160 2041 
C, 132.11 | Hy 11.09 0449 | N 14.008 .1464 
144.12 .1587 | Hi. 12.10 0828 | 28.02 
C, 156.13 .1935 | Hi 13.10 1173- | 42.02  .6235 
C, 16814 2257 | Hy. 1411 1495 | 56.03 .7484 
C, 180.15 | Hi 15.12 1796 | Ns 70.04 
Cy 192.16 .28837 | Hw 16.13 2076 | Ne 84.05 
Cy 204.17 -3100 Hy 17.14 32.06 -5060 
Cy 18.14 2586 | 64.12 8070 
96.18  .9831 
C. 
am i 
ae 
| 
Chemicals. 
7 
Compounds soluble in 
found and ether, Un this 
the ami 
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THE NEW BECKMAN 
FLAME PHOTOMETRY ATTACHMENT 


for the Model DU Spectrophotometer sets entirely new 
standards of compactness, convenience, and accuracy. 
It features a trouble-free all-pyrex atomizer-burner 
which sprays even cloudy or highly concentrated 
solutions indefinitely without clogging. In operation, 
the sample solution is discharged directly into the 
flame through the large diameter noble-metal atomizing 
tube. The flame is supplied by standard oxy-hydrogen 
or oxy-acetylene equipment. 


The compact, hot flame coupled with the excellent 
resolution of the Beckman DU Spectrophotometer 
provide an instrument capable of the quantitative 
determination of more than forty elements, including 
heavy metals and rare earths, as well as the alkali 
metals. 


This new instrument features the high quality char- 
acterizing all Beckman instruments, and is available 
at a new low price. 


H-59504 — Beckman Flame Photometry Attachment 
for the Model DU Spectrophotometer . . $395.00 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL co. § 
CLEVELAND 6, OHIO 


© Greater Compactness 


© Higher Accuracy 
© Lower Sample Consumption 
@ Maximum Convenience 


OUTSTANDING FEATURES OF 
THE NEW BECKMAN 
FLAME PHOTOMETRY ATTACHMENT 


Small Samp!e—only 1 to 3 ml of 
sample solution required per 
analysis. 

Low Fuel Consumption — 
about 8 cubic feet of oxygen per 
hour, and 5 cu. ft./hr. of acety- 
lene or 20 cu. ft./hr. of hydrogen. 
Aqueous or Nonaqueous 
Solutions —even combustible 
solvents may be used. Organic 
solvents often increase sensitivity. 
Automatic Sample Positioner— 
protects the operator, is fast, 
convenient, and precise. The 
atomizer-burner, sample-posi- 
tioning device, focusing mirror 
and adjustments are all unitized 
into a compact, cast-metal hous- 
ing. All necessary regulators and 
gauges (except standard regula- 
tors on fuel and oxygen tanks) 
are conveniently mounted on a 
separate control panel. 


hiladelphia 
& Swanson 


48, Pa. 


Sts. 


- 
Another Important §=— Beckman develo 
a 
fis 
224.957 2,6 Hov Supply Row 
9 Toit 2 Angeles 
240 Hyper Mich South Grand Ave 
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The screw cap, 
introduced for 
the packaging 

of chemicals 

by Mallinckrodt 
in the early 20's. 


PROTECTIVE SEAL 
Assures the 
consuming chemist 
of factory-packaged 
chemicals—of 
original purity. 


LABEL 

White on black 

for unmistakable 
readability—leaves 
no room for reading 
errors. For your 
protection hazardous 


SIDE PANEL 

Introduced by 
Mallinckrodt to avoid 
label congestion and to 
give greater legibility to 
the important maximum 
limits of impurities. 


BaCl.+2H.0 M.W. 244.31 


Meets A. C. S. Specifications 


Maximum Limits of Impurities 


Alkali Salts (as Sulfates).. . 0.050 


Calcium and Strontium Salts 
(as Sulfates 


chemical labels have Insoluble Matter 
precautionary infor- ; 

Other Heavy Metals (as Pb). .0.0005q 
mation onaside panel. Nitrate and 


BOTTLE 

Shaped for easy 

handling. Removal 

of chemicals made ONTRE NEW 
convenient by the 

wide mouth and 

sloping shoulder. 


The cap, bottle and label of this package are the result of experience in supplying 
chemists with Analytical Reagents since 1912. 


Mallinckrodt AR's are also available in bulk containers we have been developed 
with equal care and concern. 


The extreme purity of AR’s must be protected! dies i is part of the product. 


MALLINCKRODT CHEMICAL WORKS 
Moilinckrodt St., $1. LOUIS 7, MO. 
72 Gold Street, NEW YORK 8, N. Y. 


Chicogo + Cincinnati + Cleyelard « los Angeles 
Philadelphia » San Francisco + Montreal + Toronto 
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Text 


MAKES STUDENT ExPERimeNts | 
| New mat 
to bring 
pletely u 
includes 
througho 
Extra strength for added safety! That's 
how PYREX brand laboratory Ware 
compensates for your students’ inex. 
Perience in handling 8lassware. Its 
Steater resistance to both thermal and 
Physical shock Means better Protection O 


for the student «less worry for you, 
You'll find it casier, too, to teach 
chemistry with the sturdy PYREX 


achieve accurate re- 


your PYREX ware requirements, 


O 
O 
O 
O 
O 


G, N.Y. 
S, CORNING, 
LASS WORKS, 2 1951 
memes pe ears of making glass better and more useful 
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Textbook of Organic Chemistry 
3rd Edition 


by E. Wertheim, Ph.D., university OF ARKANSAS 
Consider It For Fall Classes 


New material, references, and teaching aids have been added 
to bring this famous textbook of organic chemistry com- 
pletely up-to-date. Just off press, this new 3rd edition now 
includes the electronic approach and places double bonds 
throughout. Long recognized as a leader for a beginning 
course in organic chemistry, Dr. Wertheim’s textbook has 
sold over 100,000 copies in its first two editions. 


958 Pages, 105 Illustrations, $5.00 


Check These New Features 


(_] new processes—Fischer-Tropsch Process, continuous 
soap making, the German Prussic acid process, 0 


FIG. 17 


Telomerization, cold rubber 
C=O O=C 
[] new compounds—invert soaps, osotriazoles, hy- H 
droxyethylcellulose, carboxymethylcellulose, 2,4-D, d 
antihistaminics, filterable viruses, antibiotics cH H Nec 
new theoretical material throughoul on—bond ener- b b 
gies, bond distances, inductive effect, electronega- H  Dicoumarol H 


tivity, electronic mechanism of reactions 


(] new reactions—chloromethylation, Clemmensen re- 
action, Reformatsky reaction 


[] new literalure references—all critically reviewed, 


Wertheim’s 


many old ones removed 


] new questions and numerical problems—added to each 
chapter 


“Laboratory Guide for Organic Chemistry’ 


3rd Edition is an ideal companion for the new 
“Organic.” Both text and lab guide are bound 


L) physical constants checked with latest information in washable material! 


[) double bonds placed in all of the benzene and other 


aromatic rings 24 Illustrations, 457 Pages, $3.25 


Reserve Your Examination Copies Now! 


E | The Blakiston Company, 1012 Walnut Street, Philadelphia 5, Pa. 
Vij y Please send me a copy of Wertheim’s “Textbook of Organic Chemistry”—3rd Edition. 


The Blakiston 
Company 


1012 Walnut Street 
Philadelphia 5, Pa. 


IN CANADA—WRITE—105 BOND STREET, TORONTO 2 
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Four new Speedomax Recorders 


# 


TYPICAL RECORD” 


DOUBLE PEN 
RECORDER 


DOUBLE-PEN RECORDER 


is used to compare two related functions when variables change too 
fast for a two-point recorder. Saving valuable panel space, it plots 
two continuous curves on the same chart—either “‘overlapping”’ or 
*‘side-by-side.”” Any standard range can apply to either pen. 
Available chart speeds are from 1” to 1800” an hour. 


X-Y RECORDER 


plots any two variables convertible to d-c signals. X corresponds 
to pen travel; Y to up-and-down chart movement. Instrument can. 
plot vacuum tube characteristics, stress-strain curves, temperature- 
temperature difference curves, etc. Chart moves 10” in only four 


seconds. 


ADJUSTABLE RANGE and ADJUSTABLE ZERO 


make this recorder applicable to a wide variety of test measurements. 
It’s used with load cells in strain gage applications; it’s used in 
expanding small changes at various temperature levels; it’s used in 
studying speed changes over narrow bands, etc. Range is —2 to +20 
mv maximum; —0.1 to +1 mv minimum. Zero suppression is —50 


to +50 mv. 


PHOTOMULTIPLIER TUBE RECORDER 


for recording light and other low-level radiation. With high-gain 
amplifier built in, recorder connects directly to current leads from 
photomultiplier tubes. Lowest range (0 to 0.02 microampere) is 
consistent with smallest currents. By flicking a switch, higher ranges 
can be selected. Thus varying intensity spectra are recorded in detail. 


If you have a specific problem, we'll be glad to recommend the 
standard or special Recorder to handle the situation. Address our 
nearest office, or 4976 Stenton Ave., Phila. 44, Pa. 
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MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


to plot lab data automatically 


To save the researcher from tedious curve plotting, here ar¢ 
4 new Speedomax Recorders. There’s a double-pen recorder ¢ 
put two continuous curves on one chart... there’s a recorder fo 
“X-Y” curves ... there’s an adjustable range—adjustable zero 
recorder for narrow ranges at high levels... and there’s a recorder 
for photomultiplier tubes. 


These instruments are standard production models, ruggedly 
built ... yet remarkably sensitive. Electronic amplification makes} 
Speedomax fast; null-balance measurement insures accuracy. 
High motor torque keeps response rapid even when auxiliary 
devices add to shaft load. Pens move across 97%” scale in 1, 2, or 
3 seconds as desired. Thorough shielding and filtering keep out 
normal stray fields. 


Available extras include chart tear-off; sliding window for 
writing on chart with door locked; fluorescent light; variow 
signalling and shut-off devices, etc. 
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FREEZING CURVE 
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1,610 grams : 0.1 g. 


ALL THREE BEAMS 


and all exposed parts of stainless steel, 
including every tiny screw, rivet or nut 
PRACTICALLY NON-CORRODIBLE BY LABORATORY FUMES 


and all these exclusive features— 


@ COBALITE Knife-Edges @ AGATE Lpave $] 8 
@ Patented One-Piece Beam Construction @ Extra Weights a in Base 
@ 3 Scales Easily Read at Eye-Level @ Beam Arrest for Faster Weighing WITH 
@ Stainless Steel Pan with Retaining Rim @ Silver-Gray Hammerloid Finish | TWO EXTRA 
Write for information on any item listed Waseurs 
MANUFACTURERS OF ANALYTICAL BALANCES AND WEIGHTS—HEAV 
DUTY BALANCES—SPRING BALANCES—JOLLY BALANCES—BALANCE ACCESSORIES. 


ESTABLISHED : 
1515 Street Dept.D Chicago, tHlinois, 
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In any discussion of teaching, the overworked lecture 
method comes in for its share of castigation. A slightly 
new approach to this whole matter was made recently 
by Professor Laurence E. Dodd in an article entitled, 


“The old-time classroom recitation: can it be re- 


stored?”! He says: 


Nowadays, particularly in lower division physics, the restric- 
tion of opportunity for self-expression in the classroom goes 
along with the great emphasis that is placed on the lecture 
method. This method, in the writer’s opinion, is admittedly 
valuable, even indispensable. However, regarding the whole 
physics-teaching program, there would seem to be a present over- 
emphasis on this one method, an over-emphasis created by large 
enrollments, together both with limited facilities to cope with 
them, and with the large amount of material to be studied. 

As to the latter, are we proceeding too fast with what may be 
called the “‘sifting-down” process? In this particular process, 
affecting especially today undergraduate teaching, topics that 
not so many years ago appeared only among research workers and 
in graduate seminars have been boiled down to simple forms that 
are finding their way into the general physics textbooks. This 
process is natural and inevitable. At the lower division level, 
is it proceeding too rapidly? Or, is it simply unavoidable? 


The really constructive point is that his conception 
of the “recitation” is not what many of us may have in 
mind as the “‘old-time” picture. He goes on: 


Our main thesis is that any disused teaching method whereby 
the student could be helped effectively toward greater individual 


1Am. J. Phys., 19, 14 (1951). 


development, should be restored. If it should be, then we have a 
right to think it can be. 

At the college level, when classes are limited to the lecture 
and the laboratory, a certain lack of balance develops. This is 
detrimental to the student, not only in that he gets less practice 
in oral self-expression, but also because his view of things in the 
classroom and to some degree in life becomes lopsided. There is 
missing the salutary discipline in which he himself, rather than 
the lecturer, is occasionally the star performer. The regular 
lecturer may on his part come to feel that he has, in the eyes 
of the class and in his own eyes, too much the character of a paid 
actor, critically watched by his audience for any possible slip 
in the performance. Thus among the students there can result a 
superficially critical, but in reality uncritical, attitude—from the 
standpoint of learning the principles of physics—that is too easily 
satisfied with what might be only a superficially appealing per- 
formance. They look for an uninterrupted flow of words and a 
smooth manipulation of apparatus. Only if student self-criticism 
is aroused adequately, is a sound balance in teaching attained. 
This desideratum the best aspects of the old-time recitation sup- 
plied. 

If the purpose of the recitation is not merely to “re- 
cite” but to make a considered, personal contribution 
to the discussion of a subject it deserves to be em- 
phasized as an important part of educational experi- 
ence—at any stage in the educational process. 

We can conclude with Professor Dodd: 


“Tt seems clear that in our large classes we need more compul- 
sion toward oral participation by the individual student, a broader 
and deeper stimulus to individual endeavor, to a greater ability, 
through practice, in accurate ora] self-expression. 
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Ons of the last great organic chemists of the old 
school, Professor Hermann Staudinger, director of the 
Institute for Macromolecular Chemistry at Freiburg in 
Breisgau, Germany, celebrates his 70th birthday on 
March 23rd. This date is remarkable, as it will be ex- 
actly 30 years since he started his research on high 
molecular compounds, which was to become his life- 
work. With his unfailing energy, eminent pedagogic 
qualities, and his sharp pen he succeeded in winning 
an international group of scientists for his bold ideas, 
and it is certainly to a great extent due to Staudinger’s 
perseverance and enthusiasm that the chemistry of 
“high polymers” developed at such an astonishing 
rate and within a few decades became a world-wide 
industry. 

After having studied at the Universities of Halle, 
Miinchen, and Darmstadt, Staudinger took his Doc- 
tor’s degree in 1907 under Thiele at Strasbourg and in 
the same year became professor at Karlsruhe. One of 
his first objects of research was the preparation of 
compounds with trivalent carbon atoms. He treated 
diphenylchloroacety] chloride with zinc and to his sur- 
prise obtained a hitherto unknown compound, di- 
phenyl ketene, which through its great reactivity be- 
came the starting point of a wide field of research. 

In 1912 Staudinger published his first book on these 
investigations called ‘‘Die Ketene,’’ which is still con- 
sidered a standard work. During his experiments 
with ketenes he noted that organic chlorine compounds 
and alkali metals form remarkably unstable systems, 
which are even more sensitive than fulminate of mer- 
cury but do not explode on heating. Staudinger’s stu- 
dents remember, not always with pleasure, the master’s 
love of detonations. Whenever possible the lectures 
were accompanied by bangs from some unsaturated 
hydrocarbon. 

In the same year Staudinger moved to Ziirich as 
Professor of Organic Chemistry, where he soon attracted 
an international crowd of students including some from 
the United States. They all came under the spell of 
this tall German who, with his curt nervous gestures 
and whispering voice, penetrated into the mysteries of 
the carbon atom and kindled a love for the strange or- 
ganic world. 

His first task as a teacher was the compilation of an 
adequate manual for the ordinary analysis of organic 
mixtures and compounds, which as yet did not exist. 
This work would give the student a far better insight 


HERMANN STAUDINGER 


Thirty Years of Macromolecules 


WILLEM QUARLES 
Sveavagen 120, Stockholm, Sweden 


into the mechanism of organic reactions than the syn- 
theses of simple compounds as practiced hitherto, 
The little book seemed to supply a want, as it was soon 
translated into English, French, Spanish, and even 
Japanese. 

When looking for objects of scientific research Staud- 
inger kept in close contact with the chemical industry, 
which especially during the first world war had to deal 
with a number of pressing problems. Together with 
Ruzicka he investigated the constitution of the in- 
secticide Pyrethrine and tried to find a substitute for 
pepper. During this research he especially investi- 
gated the relation between taste and chemical con- 
stitution and found that the taste of pepper originated 
from an aralkylacidamide of piperidine: 


O 
CH,—CH; 
\ 


\cH.—CHY 


In analogy with the smell, the taste also oscillated 
between the carbon atoms of the aliphatic chain, so 
that compounds with two, four, and six CH: groups 
had sharper pepper taste than those with one, three, 
and five CH, groups. The best pepper substitute 
proved to be d-pheny!] valerianic acid piperidine, which 
compound was manufactured in Germany during 
both world wars. 

A third problem Staudinger attacked was the con- 
stitution of the flavor of coffee, which presumably 
resided in a few well-defined compounds. This in- 
vestigation was performed by one of his assistants, 
Thadeus Reichstein, who recently received the Nobel 
Prize. 

It was not easy for him to keep his coffee research 
secret, as during many months the west wing of the old 
“chemicum”’ in Ziirich was wrapped in a penetrating 
odor of mocha, which surpassed all other characteristic 
laboratory smells. He found that the flavor was largely 
due to furfuryl mercaptan mixed with a number of 
ketones and aldehydes. The preparation of the former 
compound was patented in several countries and 
manufactured on a large scale during World War II. 
It has of late also been put on the market by Cargille 
Scientific Inc., New York. 

All these interesting investigations did not, however, 
divert Staudinger from his old hobby, the ketenes, 
especially when he found that these unsaturated com- 
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pounds could yield polymerization products with stable 
four-ring cyclobutane derivatives containing ketone 
and hydroxyl groups. Shortly after publishing this 
discovery Staudinger was attacked by Professor 
Schroeter of the veterinary college at Berlin, who proved 
that dimer ketenes did not form four-membered rings 
at all. He had condensed acetone dicarbonic acid 
ester and obtained a “cyclobutane,” which was not 
identical with the product made by Staudinger. The 
34-year-old Ziirich professor however had his answer 
ready and by a series of brilliant experiments produced 
the incontestable proof that Schroeter was wrong and 
that his condensation product was not, as he thought, 
cyclobutanedione but the enol compound, cyclobuteno- 
lon. The first was fluid and volatile and could be 
methylated to a camphor-smelling derivative, while 
the latter, containing a hydroxyl group, was acid and 
could be titrated with carbonates. He finally suc- 
ceeded in preparing two stereoisomeric cyclobutane 
compounds by polymerizing asymmetric campho- 
ketenes. 

This seemingly unimportant skirmish on polymeriza- 
tion was the beginning of a chemical battle which 
would last over a quarter of a century, and which 
Staudinger, thanks to his tenacy and ingenuity, turned 
into one of the most interesting chapters of modern or- 
ganic chemistry. 

In the years around 1910, Harries published his 
theories on the constitution of rubber, a problem which 
was at that time the topic of the day in Germany. As 
early as 1875 the Frenchman, Bouchardat, found that 
isoprene could be polymerized to a rubber-like sub- 
stance, while Harries, from a series of reactions with 
ozone, concluded that rubber consisted of rings of di- 
meric isoprene molecules. In 1913 the first artificial 
rubber made its appearance in Germany, and in view of 
the war menace the German chemists concentrated all 
efforts to produce isoprene on a technical scale as 
cheaply as possible. 

With his knowledge of the behavior of four-membered 
ring compounds and their aptitude to break up into 
unsaturated parts, Staudinger hoped that dipentene 
would yield two molecules of isoprene, which indeed 
proved to be the case. By diluting the cracking vapors 
with indifferent gases he was able to raise the output to 
over 60 per cent. 

Staudinger was not satisfied with Harries’ rubber 
theory, and this problem occupied him nearly ten 
years. The Réntgen diagram of stretched rubber 
showed a definite fiber structure, which gave him the 
idea that the isoprene molecules formed long straight 
chains. This hypothesis put him in direct opposition 
to the current opinion, represented by Karrer, Hess, 
K. H. Meyer, and others, according to whom the macro- 
molecular substances like rubber, cellulose, starch, etc., 
did not consist of large mfolecules but of conglomera- 
tions of minor “base molecules,’”’ kept together by van 
der Waals forces. If the chain hypothesis was right it 
ought to be possible to hydrogenate rubber to a paraffin- 
like material. After years of investigation Staudinger 
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actually succeeded in carrying out this reaction with 
hydrogen and a nickel catalyst at 270°C. and 100 atm. 
pressure. He obtained a saturated high-molecular 
hydrocarbon with typical paraffin-like properties, 
which, only under high vacuum and above 350°C., was 
split up into unsaturated fragments. Staudinger pub- 
lished the result in Helvetica Chimica Acta No. 5 (1922), 
of which page 788 has become an historic document, 
as there the term ““Makromolekel”’ was used for the first 
time. 

Despite these convincing experiments, the chain 
theory won Staudinger a large number of opponents, 
who objected that the presence of unsaturated final 
groups in the molecules made the formation of rings 
imperative. According to Staudinger the influence of 
these unsaturated groups vanished in the mass of the 
giant molecules, containing 2 to 3000 isoprene links. 
The hydrogenation of the rubber proved, moreover, 
that vulcanization was not an absorption phenomenon 
in a colloidal rubber solution, but a pure chemical re- 
action, as the hydrorubber did not react with sulfur. 

The publication constituted the first step on the long 
road leading to a better understanding of the giant 
molecules, which are found everywhere in the organic 
world, and which the scientists, as Svedberg says, 
“had thrown into the lumber room because they did not 
know what to do with them.” 

In order to avoid inconsistency in the results when 
working with natural products like rubber, cellulese, 
etc., Staudinger preferred to carry out his research with 
“model”’ substances, synthetic giant molecules, pre- 
pared from simple compounds like formaldehyde or 
styrol, which yielded homogeneous polymerization 
products. Réntgenographic examination of the poly- 
oxymethylenes obtained, and the colloidal proper- 
ties of polystyrols, disproved clearly the popular 
‘micelle’ theory of high polymers. Staudinger finally 
succeeded in subjecting his polymerization products to 
certain chemical reactions, which, to his great satis- 
faction, did not affect the degree of polymerization. 
These “polymer-analogous’’ reactions were exceedingly 
difficult to perform, and Staudinger himself considers 
the discovery of them one of his most important con- 
tributions to the chemistry of macromolecules, e. g., 
the acetylation of cellulose, the reduction of polystyrol 
to hexahydrostyrol, ete. At the “Naturforscher Con- 
gress” at Diisseldorf in 1926 Staudinger read his first 
paper on the results of his investigations in this field 
and proposed a number of revolutionary theories. 

He found himself quite isolated, however, in face of a 
compact opposition. Only one colleague, Richard Will- 
stitter, understood the importance of Staudinger’s 
polymer-analogous reactions as a proof of the sound- 
ness of his ideas. Two years later Meyer and Mark 
developed a new micelle theory according to which the 
colloidal parcels constituted conglomerations of chain 
molecules. In this way a number of previously incom- 
prehensible phenomena could be elegantly explained. 
This led Staudinger to a new series of investigations. 
In the meantime, he had been called to Freiburg where 
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he has remained until now. In 1940 he founded the first 
Institute for Macromolecular Chemistry and started 
the first periodical in this special field. 

The decennium 1926-36 constituted the height of 
Staudinger’s life work. During this period he found a 
relation between the viscosity and the molecular weight 
of dilute solutions of macromolecules, which suggested a 
practical method of estimating the length of the chain 
and the degree of polymerization. This so-called 
“Staudinger Law of Viscosity’? has been vehemently 
discussed, as with giant molecules all “regularities” 
imply a number of exceptions. In spite of all criticism 
it has not been possible to find a more practical way of 
measuring the unmanageable compounds, and “Staud- 
inger Molecular Weight”’ is a current term in the plastic 
industry. In connection with this law, Staudinger 
classified the organic colloids into two groups according 
to the shape of the macromolecules: the spheric col- 
loids, such as some glycogens, and the linear colloids, 
like cellulose. This distinction enables one to explain 
the fact that, in nature, certain high-molecular poly- 
saccharides form low-viscosity solutions, while others 
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with a low molecular weight produce solutions with g 
high viscosity. 

It would be too much to relate all the important 
results which emanated from Staudingers’ institute, 
They have been described in several hundred papers, 

It is obvious that his many bold ideas, which were 
often contrary to all current conceptions, provided fer. 
tile working hypotheses and greatly stimulated the 
high polymer industry. One of his interesting dis. 
coveries of technical importance is the “bridging” of 
polystyrol chains by traces of divinyl benzene into 
insoluble products, which has become a well-known 
technical trick in the manufacture of plastics. 

After 25 years of intensive research with a staff of 
collaborators, Staudinger succeeded in penetrating one 
of the most inaccessible fields of organic chemistry, 
lifting a corner of the veil covering the mysterious world 
of the giant molecules. He has summarized his life. 
work in three books: ‘Die Hochmolekularen Organ- 
ischen Verbindungen” (1932), “Organische Kolloid- 
chemie” (1941), and “Makromolekulare Chemie und 
Biologie” (1947). 


In EverRY class of semimicro qualitative analysis a 
large number of students seem to have trouble in dis- 
tinguishing between the sulfite ion and the carbonate 
ion when gaseous methods are used for their detection. 
Many such methods have been developed which, if 
carried out according to directions, will detect each ion 
nicely. However, they do have some disadvantages. 
In the methods where the formation ci Prussian blue is 
used to detect the sulfite ion, contamination from pre- 
vious experiments may cause the decomposition of the 
ferric ferricyanide which many mistake for a positive 
test. The disadvantage of precipitating the two above 
ions as their calcium or barium salts lies in their identical 
physical appearance. In many other techniques the 
apparatus used is bulky and cumbersome. 

A simple answer to the above problems proved to 
be the use of “‘starch-iodate” paper in conjunction with 
the above tests. The paper turns blue on contact with 
the sulfur dioxide. 

The “starch-iodate”’ paper is prepared simply by 
moistening a piece of filter paper with a drop of each 
of the following solutions: starch, potassium iodate, 
and dilute nitric acid. 


THE USE OF STARCH-IODATE PAPER IN QUALITATIVE ANALYSIS 


JOHN A. LUNDIN 
Macalester College, St. Paul, Minnesota 


A few drops of the solution to be tested is placed ina 
5-cm. test tube and acidified with dilute hydrochloric 
acid. The test paper is placed over the mouth of the 
test tube and the tube heated in a hot water bath. 

The other anions which give gases upon acidification 
and interfere with the test are the sulfide and the thio- 
sulfate ions. The sulfide ion may be removed easily 
by precipitating with cadmium nitrate and applying 
the test to the centrifugate. The presence of thiosulfate 
necessitates the removal of the sulfite ion with stron- 
tium nitrate and the testing of a portion of the pre- 
cipitate. 

As little as 0.3 mg. of sulfite ion can be detected by 
this method. 

The “starch-iodate” paper may also be used as 8 
preliminary test for the reducing anions. In this case, 
a drop of the test solution is merely placed upon the 
acidified paper. A positive test was obtained with the 
following anions: S~- (0.1), SO;-- (0.1), S,0;-- 
(10.0), (1.0), (10.0), I- (0.1), 
NO,~ (10.0), and SCN- (0.05). (The number in the 
parentheses indicates the number of milligrams of ion 
per milliliter of solution.) 
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” of | Tue examination of many books and articles dealing 

into | with photometric analysis had given us the impression 

nown — that Beer discovered and formulated the exponential 
absorption law in which concentration and length 

ff of | appear as symmetrical variables. We were led to 

3 One F carry out this examination because of our belief! that 

istry, f an absorption law so formulated is too restricted for 

vorld | the needs of modern analytical chemistry. When we 

‘life- read Beer’s article,2 we were surprised to find this 

'gal- impression wrong in several important respects, and 

lloid- | we have consequently prepared the following discussion 

und § of his classical investigation. Of the more recent 
publications we examined, an article by Hague* comes 
closest in our estimation to Beer’s point of view. 

We shall begin by giving a free (but, we hope, 
scientifically accurate) translation of part of Beer’s 
paper. Interpolated parenthetical material and italics 
are our own. Equations have been numbered in 
sequence and some of Beer’s symbols are explained 
later. On page 83, Beer says: 

We shall take the absorption coefficient’ to be the coefficient 

1s giving the diminution in amplitude suffered by a light ray as it 
passes through unit length of an absorbing material. The unit 
of length will be one decimeter. We then have, according to 
theory, and as I have found verified by experiment, 
A =p? (1) 
where » is the absorption coefficient and D the length of the ab- 
j sorbing material traversed in the experiment. Finally, we have 
18 F for the absorption coefficient expressed in terms of quantities 
lorie actually measured 
= [tang «/0.95 tang (2) 
ation § Beer’s description of the theory and operation of 
thio- § his photometer agrees in every important detail with 
asily § modern description® of the method in which polariza- 
lying § tion is used to measure the relative amplitudes of an 
Ifate @unknown and a reference beam. Beer used two oil 
tron- § lamps, carefully adjusted, and red glass as filter. Nicol 
pre- § Prisms served as polarizers. In his apparatus, meas- 
urements of an angle gave the relative amplitudes of 
d by 1 LrepHarsky, HERMAN A., paper presented at the Pittsburgh 
Conference on Analytical Chemistry and Applied Spectroscopy, 
as 8 @ Pittsburgh, Pennsylvania, February 15 to 17, 1950. 


* Beer, A., Ann. Physik (Poggendorf), 86, 78 (1852). 

4 _—, Joun L., Proc. Am. Soc. Testing Materials, 44, 712 
). 

‘Here Beer interpolates the Greek phrase xar etoxnv which 

we have been told is roughly equivalent to “par excellence.” 

We take this to mean that Beer is thinking of a true absorption 

nt; i. e., with all corrections (such as cell corrections) 

applied. 

*Kontrauscu, F., “Praktische Physik,” 18th ed., B. G. 

Teubner, Leipzig, 1943, Vol. 1, pp. 503-504. 


THE ORIGINS OF BEER’S LAW 


HEINZ G. PFEIFFER and HERMAN A. 
LIEBHAFSKY 


General Electric Company, Schenectady, New York 


the two beams before and after the absorber was in- 
serted in the unknown beam. Let the former value of 
the angle be y, and the latter a; then, in Beer’s sym- 
bols 


a/A = tangy (3) 


(4) 


where a and A are the amplitudes of the unknown and 
of the reference beam before the absorber is inserted; 
and y is a coefficient that gives the diminution in 
amplitude produced by the absorber—in Beer’s case, 
an aqueous solution of a colored salt contained in a 
glass cell. From the refractive indices of glass and 
solution, Beer calculates that about five per cent of 
this diminution is due to losses at the cell windows; 
hence he writes 


= »/r = tang a/0.95 tang (5) 


where r = 0.95 corrects for these losses and » takes its 
value from equations (1) and (2). The derivation of 
equation (2) is now clear. 

To discuss equation (1) in modern terms, we should 
deal with the internal transmittance of the solution in 
Beer’s cell. Hence, we write 


log [Io/I] = amcb (6) 


where Jy is the homogeneous radiant energy entering 
the sample, and J that incident upon its second sur- 
face’; c is the concentration in moles/liter; and b 
the length of solution in cm. Inasmuch as only ratios 
of J and of a are involved, we may write 


and 
va/A = tanga 


= (a/da)? = = 1/p*? (7) 
hence 
amcb = log [1/u22] = —2D log zu (8) 
Also, owing to the different units of length, 
D = 0.1b 
or, 
dmc = —0.2 log » (9) 


Equations 7 to 9 show conclusively that Beer did not 
treat concentration and length as symmetrical vari- 
ables. Nowhere in his paper does he give any indica- 
tion of being familiar with equation (6) in this or an 
alternative form; all his thinking seems to have cen- 
tered around only one absorption law, equation (1), 
and (as will appear from the following translated ex- 


6 National Bureau of Standards, Washington, Letter Circular 
LC857. 
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cerpts) all his results were calculated on the basis of 
this law. Now let us see how Beer describes his ex- 
periments. 


In most of my experiments, solutions diluted to various ex- 
tents were employed. From the values of \, which these experi- 
ments yielded, the absorption coefficient of 1 decimeter of the 
most concentrated solution (I) was calculated on the supposition 
that the water added during the dilution did not alter the specific 
absorbing power inasmuch as it exerts no chemical action and as 
its own absorption could be neglected. But that the diminution 
of light actually depends only on the thickness of concentrated solu- 
tion (1) through which it passes is taught to us by observation. 
So, for example, a cell of 1 decimeter length was first filled with a 
solution of copper sulfate that contained 9 volumes of water for 
each volume of solution concentrated at 13.5°C. (II)—in other 
words a solution of dilution 1/9. Further, a cell was filled with a 
solution of dilution 1/19. The latter cell contains just so much 
concentrated solution (I or IL) as the former; it has the same 
tint as the former in white light and gives sensibly the same value 
of ain red. The value of this angle was 3°28'10” for the short 
cell and 3°23’0” for the longer, and these yield the almost identical 
values 0.065 and 0.063 for the absorption coefficient of the con- 
centrated solution (1). 


In contrast with the rest of Beer’s paper, this para- 
graph could confuse the unwary reader because ‘‘con- 
centrated” is used in connection with both Beer’s 
stock solution (II) and the strongest solution he actually 
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T 


WAVELENGTH IN MILLIMICRONS 
Repetition of Two Experiments by Beer 
The agreement of A2 with 4; measures the internal consistency of Beer’s 
work. The calculation cannot distinguish between A» and )3, but it seems 
safe to ignore the latter. (T’s for curves I, II, and IV are transmittances. 
‘T’s for curves III and V are transmittancies. See reference 6.) 
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measured (I). (We have taken the stock solution of 
the foregoing paragraph to be a solution of copper 
sulfate saturated at 13.5°C. although Beer’s density 
data indicate it was only 98 per cent saturated.) 
Comparison of the values for the tangents of 3°28’19" 
(0.061) and 3°23’0” (0.059) with those just given for 
the absorption coefficients leads at once to the identi- 
fication according to the Roman numerals given. Ip 
view of the fact that Beer tabulated values only for 
the most concentrated solution measured, it is probable 
that he was thinking of I where “I or IT’”’ appears in 
the preceding paragraph. At any rate, it is clear that 
Beer was thinking primarily of an amount (or thick. 
ness) of concentrated solution; in other words, of 
a mass of absorbing material, not of a concentration, 
To be logical, anyone who regards this as hair-splitting 
must also maintain that it is pointless to distinguish 
between extensive and intensive properties. 

If there is no evidence of Beer’s being familiar with 
an absorption law containing the concentration as an 
explicit variable, then how did he correlate his meas- 
urements, which were done at different concentrations? 
Fortunately, he answers this question in the following 
paragraph. 

With copper sulfate as an example, it may further be shown 
how observations on a dilute solution lead to the absorption 
coefficient of one more concentrated. For a thickness of 1 
decimeter and for the dilution 1/19, a = 13°48’10” was found for 
this salt. If \ is the corresponding coefficient of diminution 
(i. e., the corresponding transmissivity), then this coefficient will 
have the value \? for double this thickness. But, at double this 
thickness, just so much concentrated solution will be irradiated 
as at a thickness of 1 decimeter and the dilution 1/9. Accord- 
ingly, \? is the absorption coefficient for the dilution 1/9. One 
finds therefore the value 0.069, which is in satisfactory agreement 
with the values already given. 


Finally, why did Beer carry out his investigation? 
He introduces his paper with these two sentences: 


The absorption of light during the irradiation of a colored sub- 
stance has often been the object of experiment; but attention has 
always been directed to the relative diminution of the various 
colors or, in the case of crystalline bodies, the relation between 
the absorption and the direction of polarization. Concerning 
the absolute magnitude of the absorption that a particular ray 
of light suffers during its propagation through an absorbing 
medium, there is—so far as I know—no information available. 


The words “relative” and “absolute” deserve atten- 
tion. Their use here confirms our belief that Beer 
did not know that concentration and length are sym- 
metrical variables in equation (6). We believe he 
considered the “relative diminution” as expressed in 
equation (1) to be a function of the length of absorber, 
and that he consequently placed the length (D) in 
the exponent. We believe he may have thought that 
the change in the amount (or mass) of absorber pro- 
duces an “absolute diminution” such that 


AI = —k(m) (10) 


To summarize: (1) Beer’s paper does not contain al 
absorption law in which concentration appears as al 
explicit variable; (2) Beer thought primarily of the 
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amount or mass of absorbing material; (3) Beer may 
ormay not have understood the functional relationship 
between absorbance and mass (or concentration) of 
absorbing material; at any rate, he used length as an 
intermediate variable in correlating results obtained at 
diferent dilutions. 

It is accordingly not surprising to find in Beer’s 
paper no evidence that he believed himself to have dis- 
covered a new absorption law. In a thorough (but 
necessarily incomplete) investigation of the older 
literature, we found the phrase “Beer’s Law” or 
“‘Beer’s Absorption Law”’ first used by Walter’ nearly 
forty years later. Kayser,* in his monumental “Hand- 
buch der Spectroscopie”’ says: “If we let a represent 
the absorption coefficient for unit concentration, there 
follows the absorption law 


I = 


(11) 


where d is the thickness of the layer and c the concen- 
tration. This law was set up by Beer and is called 
“Beer’s Law.’ Comparison of equation (11) with 
equation (1) shows the first half of the last sentence 


7Watter, B., Ann. Physik (Wiedemann), 36, 502, 518 (1889). 
See especially pp. 505, 512, 520, 521. 

Kayser, H., ‘Handbuch der Spectroscopie,’’ S. Hirzel, Leip- 
tig, 1905, Vol. 3, pp. 10-25. We used the references there cited 
asa guide to the older literature. 
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to be incorrect. There is thus good precedent for any 
twentieth-century inaccuracies in describing what Beer 
thought and did. 

We have made an attempt to evaluate the internal 
consistency of Beer’s work. The figure gives trans- 
mittance curves measured by a General Electric 
Recording Spectrophotometer® on water and on two 
of Beer’s solutions, all measurements being made in 
the same cell. Taking the differences in cell length into 
account, we have compared Beer’s absorption coef- 
ficients with our measured transmittancies to locate the 
“effective wave length” (an X-ray term)" of Beer’s 
red light. The figure shows these wave lengths to 
differ very little for the two solutions, which speaks 
highly for the quality of Beer’s work. 

The principal aim of this article has been to show 
that Beer, in thinking primarily of the amount of ab- 
sorbing material, laid the foundation of an absorption 
law broader than equation (6). That he did not write 
this amount as an explicit variable in the absorption 
law seems to us no reason for not calling that law by 
his name, and his alone—after all, didn’t Columbus 
discover America? 


® MicHAELsON, J. L., anp H. A. Liesuarsky, Gen. Elec. Rev., 
39, 445 (1936). 

10 See, for example, LiepHarsky, Herman A., Analytical 
Chemistry, 21, 19 (1949). 


In oNE phase of the preparation of an organic com- 
pound, the need of a stirrer in a closed system arose. 
Instead of a mercury-seal stirrer the following simple 
magnetic stirrer was devised. The stirrer was quite 
eflective and could be useful in general laboratory pre- 
parative problems. 

A small, very strong horseshoe Alnico magnet was 
wired onto a copper support. The support in turn was 
bolted to an inverted air stirrer. 

The stirring effect in the case of a 600-ml. beaker 
is derived from the rotary motion given to an iron rod, 
sealed in glass, 1 in. in length and '/, in. in diameter. 
The rod, on the inside of the beaker, follows the rotating 
Magnet. 

The support should be such that it allows the magnet 
to be placed close to the underside surface of the con- 
tainer. 

A vortex of 1 in. in depth was easily produced Jin 
400 ml. of water. 


* 


A SIMPLE MAGNETIC STIRRER 


EDWARD KOHN 
Duke University, Durham, North Carolina 
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Wune engaged in synthetic work involving the ethyl 
aminomethylenemalonates (II), the products of the 
reaction of ethyl ethoxymethylenemalonate (I) with 
primary aromatic amines, the author was impressed by 


R—NH, + C,H,;O—CH=C—(COOC:Hs): 
(I) R—NH—CH=C—(COOC:Hs)s 
(II) 
OH 


Sc—COOC;Hs 
4 
(III) 


the ease with which these crystalline compounds were 
prepared and purified. They seemed to offer the 
possibility of being useful as derivatives for the identi- 
fication of primary aromatic and heterocyclic amines, 
particularly for use on the semimicro and micro scale 
where isolation and purification of the more common 
benzoates and acetates present difficulties for the inex- 
perienced student. Accordingly a procedure was de- 
veloped and tried experimentally with five groups of 
students in qualitative organic analysis. In each case 
where the new derivative was applicable the student 
reported greater ease in preparation and purification as 
compared to other more common derivatives prepared. 
The chief advantages of the method were found to be: 

1. Derivative could be prepared and purified in a 
shorter time than was usually possible with other 
derivatives. 

2. No solvent was required, making it easier to 
isolate small quantities of the derivative. 

3. No reaction or interference occurred with second- 
ary or tertiary amines or with aliphatic primary amines 
under the conditions employed. 

4. The derivative (II) can be readily cyclized to a 
second derivative (III) which has a readily hydrolyzable 
ester grouping, allowing for saponification-equivalent 
determination. The major disadvantages of the 
method were: 

1. The reagent (EMME) is not commercially avail- 
able at the present time. However, it can readily be 
prepared and keeps well. 

2. Alkoxy and aryloxyanilines give oils. 

3. Melting point differences between some similar 
compounds are not sufficiently great. 


e A NEW DERIVATIVE FOR THE IDENTIFICATION 
OF PRIMARY AROMATIC AMINES 


GERALD R. LAPPIN 
University of Arizona, Tucson, Arizona 


Preparation of EMME Derivative (IT). Approxi- 
mately equal weights of the amine and ethyl ethoxy. 
methylenemalonate (I) were mixed in a small test tube 
and heated on the steam bath for fifteen to thirty 
minutes (nitroanilines require a temperature of about 
130°) and cooled to room temperature. If necessary, 
crystallization was induced by scratching. The solid 
was removed and pressed between filter papers. It was 
then recrystallized from the minimum amount of hot 
ethanol, using charcoal if decolorization was required. 
One recrystallization ordinarily gave a sharp-melting 
derivative. The table lists the melting points of the 
derivatives of a number of amines. 

Cyclization of II toIII. For best results at least 0.5, 
of II should be available. To 2 ml. of boiling diphenyl 
ether was added 0.5 g. of II, boiling being continued for 
five to ten minutes. After cooling, the solution was 
diluted with 10 ml. of petroleum ether and the solid 
product was collected by suction filtration. Recrys- 
tallization from ethanol, pyridine, or a mixture of these 
gave a sharp melting compound. The table lists the 
melting points of a number of these derivatives. 


Melting Points of Derivatives 
M. P. of I, M. P. of III, Refer- 


Amine °C., Uncorr. °C., Uncorr. ence 
p-Aminoacetophenone 93-34 298-300 4 
p-Aminobenzoic acid 218-219 re 2 
p-Aminobipheny] 59-60 2 
p-Aminophenol 115-116 2 
2-Aminopyridine 65-66 Tar 1 
8-Aminoquinoline 115-116 237-241 6 
Aniline — 49-50 269-270 4 
o-Anisidine Oil 274-275 dec. ... 
p-Anisidine Oil 276-277 3 
5-Bromo-2-aminopyridine 117-118 134-135* 1 
4-Chloroaniline 82-83 280 4 
3-Chloroaniline 55-56 295-297 3 
2-Chloroaniline 92-93 253-254 § 
5-Chloro-2-aminopyridine 115-116 132-133° 
2,4-Dichloroaniline 128-129 
3,4-Dimethoxyaniline Oil 272-273 4 
p-Dimethylaminoaniline 97-98 270-275 dec. 4 
3,4-Dimethylaniline 52-53 .5 8 
6-Methyl-2-aminopyridine 113-114 278-280¢ 1 
5-Methyl-2-aminopyridine 112-113 135-136¢ 1 
4-Methyl-2-aminopyridine 72-73 171-172¢ 1 
4-Methoxy-2-nitroaniline 126-127 222-224 4 
3-Nitro-4-aminotoluene 134-135 2 
4-Nitroaniline 42-143 320 4 
3-Nitroaniline 84-85 or 2 
2-Nitroaniline 101-102 252-253 4 
4-Phenoxyaniline Oil 274-275 4 
3-Phenoxyaniline Oil 278-279 4 


* See original reference for structure and behavior on sapoti- 
fication. 
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e HISTORY OF THE MERCURY FLASK 


Since 1927 the common unit for measuring and pric- 
ing mercury has been a 76-pound flask. Of the several 
explanations for this unusual unit, three seem important 
emough to mention. 

According to information from the U. 8S. Bureau of 
Mines, the 76-pound unit was adopted in the United 
States for the sake of uniformity and agreement with 
Spanish practice. When the metric system was first 
used in Spain the content of a standard mercury flask 
was fixed at 34.5 kilograms, which is equivalent to 
76.06 pounds, approximately 76 pounds, one ounce. 
Since the commercial production of mercury probably 
originated in Spain it seems reasonable to believe that 
the 34.5 kilogram unit had its beginning there. Before 
the adoption of the metric system there were a number 
of different “pounds” or “‘libras”’ in use in different parts 
of Spain and for different commodities, just as there 
are different bushels used in the United States today. 
However, there was a legal apothecary’s libra which was 
equivalent to 0.7606 pound avoirdupois. This unit 
weighed three-fourths as much as the legal avoirdupois 
pound, which was 1.0143 U. S. avoirdupois pounds. 

The early uses of mercury were largely confined to the 
medicinal field, and therefore early purchases of this 
metal may well have been on the basis of the apothe- 
cary’s pound. Consequently, it seems possible that 
our 76-pound unit had its origin as 100 Spanish apothe- 
cary’s pounds, especially in view of the common metric 
practice of using a multiple of ten, in this case the 
quintal or hundredweight, to make larger metric units. 

Secondly, it has been suggested that the 76-pound 
weight unit for mercury had its origin as follows: 
Taking the bushel measure as equivalent to 2150 cubic 
inches and water at the conventional 250 grains per 
cubic inch, we find there are 537,500 grains per bushel; 
at 7000 grains per pound we then get 76.7 pounds as the 
weight of a bushel of water. At first this rather close 
approximation seems logical and probable since several 
of our scientific constants are based on water as the 
standard. However, it would seem from the facts 
given above that this explanation is much too modern 
to be accepted. 

The most probable explanation of the origin of the 


DELMAR K. MYERS 
The Pennsylvania State College, State College, 
Pennsylvania ~ 


76-pound unit is that it is related to a Spanish weight, 
the arroba. This Spanish unit is usually equated to 
25.36 avoirdupois pounds. Three of these units would, 
therefore, equal 76.08 pounds or almost exactly 76 
pounds, one ounce, the exact contents of a flask of 
mercury, rather than 76 pounds as it is usually stated. 

The flask itself, as may be seen in the illustration, is 
approximately 18 inches long and 4 inches in diameter. 
It is made of cast iron and fitted with a */,-inch 
threaded iron plug. The weight of this container, 
plus the three arrobas of mercury, is about all a man 
can be expected to handle conveniently and regularly. 
Perhaps it would be more nearly correct to say all that 
a slave could handle, as the unit-was used as early as 
Roman times when slaves and prisoners of war worked 
the Almaden and Idrian mines in Spain. 


Those persons associated with cinnabar mines and 
mercury distilleries in California, as far back as they 
can remember, can recall no other unit ever having 
been used, and the standard flask in use today contains 
76 pounds, one ounce. It is true, however, that from 
some of the smaller mines the metal is sometimes sent 
out in sheepskin bags holding 55 pounds of mercury, 
but this unit does not appear in commerce. 
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* THE GEM-TESTING LABORATORY OF 
TIFFANY & CO. 


A. E. ALEXANDER 
Tiffany & Co., Fifth Avenue and 57th Street, 
New York, New York . 


For many years Tiffany & Co. has maintained a gem- 
testing laboratory for its own use. From time to time 
new and practical equipment has been added until 
today this gem-testing laboratory is one of the most 
complete of its kind. The purpose of it is to insure that 
all gem stones and genuine pearls purchased by Tiffany 
& Co. meet with its standard of quality, perfection, 
and value. The firm does not sell cultured pearls nor 
synthetic gem stones. 

A description of the more important pieces of equip- 
ment in this laboratory and the use to which they are 
put follow. 

(1) The binocular microscope, of which the store 
has several, is unquestionably the most practical in- 
strument, because it can be used to test and examine all 
gem stones. It affords the distinct advantage of (a) (b) 
stereoscopic vision disclosing under correct illumination Figure 2 

telltale inclusions which are so important in identifica- (a) Curved lines in synthetic ruby are characteristic of this type of stone, 
tion. The binocular microscope has no equal for ex- (6) Rutile needles in Burma ruby are proof of genuiness. 

amining diamonds fog-perfection. The instrument is 
also used in conjunction with a Leica camera and ac- 
cessories which can be easily inserted in the eyepiece 


holder as shown in Figure 1. To facilitate the examina- 
tion of gems, especially diamonds, an optical glass cell 
isused. The gems to be examined are placed table and 
crown facets up in the glass receptacle and covered 
with a clear liquid of known refractive index. Ordi- 
nary mineral oil willdo. As many as twenty one-carat 
diamonds can be examined at one time. Immersing 


(a) (b) 


Figure 3 
(a) Finger print in synthetic emerald, an inclusion never seen in real 
emerald. 
Figure 1. Bir lar Micr pe and C Equipment for Exam- (b) Three-phase inclusion found only in Colombian emeralds of natural 
ining and Photographing Gemstones and Pearls origin. 
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the stones in liquid cuts down annoying internal light 
reflections. The use of such a cell aids in bringing out 
the fine structure of very minute inclusions of a gem 
stone, such as those of a ruby, for example, so that they 
can be satisfactorily photographed. In Figure 2a 
the curved lines of a synthetic ruby are clearly shown. 
These lines develop during the formation of the boule. 
A description of the methods used in the manufacture 
of synthetic corundum can be found in the September, 
1946, issue of THis JOURNAL. 

Genuine rubies of Burma origin frequently contain 
minute needles of rutile which intersect at angles of 60 
and 120 degrees, as in Figure 2b. 

Synthetic emerald may be identified by peculiar 
veillike or “fingerprint” inclusions of the type shown in 
Figure 3a. These inclusions are never found in genuine 
emerald. Colombian emeralds, mined near Bogota, 
are characterized by the presence of “three-phase in- 
clusions.”” These consist of a gas bubble and a minute, 
perfectly formed crystal of rock salt (See Figure 3b). 
Inclusions such as these are never developed in syn- 
thetic emerald. 

(2) When a powder analysis must be made on 
mineral matter, a petrographic microscope is required 
equipment. Determination of refractive index, crystal 
system, optic sign, and birefringence and the per- 
forming of certain microchemical tests are possible with 
the successful operation of this type of microscope (see 
Figure 4). 

Inclusions in gem stones and structures revealed in 
thin-sectioned pearls can be photographed at high 
magnification with Leica camera equipment. 

A photomicrograph of typical fresh water shell struc- 
ture (the same as is found in the nucleus of a Japanese 
cultured pearl) previously thin-sectioned, as taken 
through Tiffany & Co. petrographic microscope, is shown 
in Figure 5. 


129 


(3) Refractometers are necessary to measure the 
refractive indices of gem stones. Each mineral or gem 
species has its own specific index of refraction. For 
example, genuine red spinel has an index of 1.715, 
genuine ruby, which is doubly refractive, has indices of 
1.765-1.773. Thus, the refractometer is an aid in 
identifying different gem stones: when there is no over- 
lapping or coincidence. Where the indices for a syn- 
thetic are the same as for a natural stone as in the case _ 
of corundum (ruby and sapphire) other tests must be 
made. Tiffany & Co. have several types of gem-testing 
refractometers, as shown in Figure 6. 

(4) A polariscope (see Figure 7) is useful in de- 
termining whether a gem stone is singly or doubly re- 
fracting. This instrument consists of two polaroid 
plates set with their planes of polarization at right angles 
to each other and illuminated by a 60 watt lamp. A 
stone to be tested is inserted between the plates and 
then slowly rotated 360 degrees. If the stone is singly 


Figure 5. Photomicrograph of Thin-Sectioned Mother-of-Pearl Shell 
Showing Typical Block-like Structure of thesMineral Aragonite 


Figure 6. Refractometers for Measuring the Indices of Refraction of 
Gem Stones 
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Figure 7. Polariscope Which Permits Separating Singly and Doubly 
Refracting Stones 


refractive it remains dark during rotation. If the 
stone is doubly refractive it will be found to be alter- 
nately light and dark as it is turned in the plane of the 
polaroid plates every 90 degrees. Furthermore, if a 
stone is in a state of strain, anomalous double refrac- 
tion will be seen. This is noticeable in the case of 
diamond and synthetic spinel. 

(5) Each colored gem 
stone has its own absorp- 
tion spectral characteris- 
tics. To determine the 
difference in the color 
spectrum produced by 
light passing through a 
stone, measurements can 
be directly made by the 
use of a gem absorption 
spectroscope. Dr. E. J. 
Gubelin, of Lucerne, 
Switzerland, has devel- 
oped such an instrument 
(see Figure 8). The 
barrel of this optical ap- 
paratus contains a small 
spectroscope, the base 
encloses a 6-volt lamp, 


plus rheostat. If a ruby 
Colored Gemstones and correctly illumi- 
nated, several narrow 
black lines will be seen 
in the red end of the 


i | spectrum (see Figure 9). 
These are the lines for 


| chromium—the element 
il which produces the red 
Courtesy of B. W. Anderson be turned which 


Figure 9. Absorption Spectra of a Tings into view a wave- 
Genuine Ruby length scale. By means 
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of this scale, the wave length of the chromium ling 
can be accurately measured. 

Many genuine blue sapphires show a line in the blue 
end of the spectrum. To date, no such line has been 
seen in synthetic sapphire. 

(6) X-ray radiographic unit (see Figure 10), 
Especially built for Tiffany & Co., this Westinghouse 
machine is used to differentiate not only cultured and 
genuine pearls, but certain kinds of gem stones as well, 

With this unit it is possible to X-ray an entire pear 
necklace in a matter of 20 to 30 seconds. If the pearl 
are genuine, a series of concentric growth rings will be 
produced on an X-ray film. If they are cultured, 
the large mother-of-pearl bead, coated with a mill- 
meter or so of nacre, will be clearly seen on the radio 
graph (see Figures 11 and 12). In testing for authen 
ticity of gem stones, it can be used for example to 
distinguish corundum from rutile or zircon. The 
former is partially transparent to X-rays, while the 
latter is wholly opaque to X-rays. Corundum will 
cast a gray shadow on X-ray films; rutile and zircon, 
blocking the rays, will develop out white. Diamond 
being totally transparent to X-rays will be barely 
visible on photographic film. 

Fluorescence in gem stones and pearls can also be 
obtained with this unit. Japanese cultured pearls, 


2 


Figure 10. X-Ray Radiographic Unit for Radiographing Pearls and 
Stones 


when charged with X-rays, will in general fluoresce. 
This is due to the fact that the mother-of-pearl core 
is derived from fresh-water shell which contains 
trace of the element manganese. It is the presence 
of this element which causes the fluorescence in 
this type of shell. Genuine pearls from the Persian 
Gulf contain no manganese, and therefore will not 
fluoresce. Observing fluorescence in pearl, however, is 
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oly an indication that the pearl or pearls under ex- 
mination are not genuine salt-water pearls. 


Gems may or may not fluoresce. 


Emeralds of Muzo, 


Colombia origin, do not; synthetic emeralds have been 
fund to produce a dark maroon-red fluorescence. 


some stones following X-ray irradiation will 


phosphoresce, others will not. Synthetic rubies for 
the most part will reveal a phosphorescence; genuine 


mbies will not. 


Figure 11. An X-Ray Radiograph 
of a Genuine Pearl 


(7) X-ray diffraction 
unit. A General Electric 
X-ray diffraction ma- 
chinedesigned specifically 
for pearl identification 
is an important part of 
Tiffany & Co.’s gem- 
testing equipment (see 
Figure 13). In order to 
understand how this unit 
works a short description 
of the physical properties 


Figure 12.—An X-Ray Radiograph of a String of Cultured Pearls 
(Note Large Mother-of-Pearl Cores) 


of a genuine and a cultured pearl follows. 


A genuine 


pearl consists of about 96 per cent calcium carbonate 
held together by an organic binder known as conchio- 
lin. The carbonate may be in the form of aragonite, 
calcite, or both. The mineral matter is deposited in a 


Figure 13. X-Ray Diitraction Unit for Testing Pearls 
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(a) (b) 
Figure 14 
(a) Photograph of a thin-sectioned genuine pear! (note typical concen- 
tric growth rings). 
(b) Photograph of a thin-sectioned Japanese cultured pearl (note large 
mother-of-pearl core and stratified structure). 


concentric manner best illustrated by the photograph 
of a thin-sectioned, genuine pearl in Figure 14a. 

A Japanese cultured pearl, on the other hand, usually 
consists of a large mother-of-pearl bead which has been 
derived from fresh-water shell. This bead normally 
measures from 80 to 90 per cent of the total linear di- 
ameter of the pearl. The nacreous coating which the 
pearl-oyster deposits around the core is approximately 
one millimeter in thickness. A thin section of a Jap- 
anese cultured pearl clearly shows the extent of the 
mother-of-pearl bead as well as delineating the parallel 
structure of the mineral matter which characterizes 
typical fresh-water shell (see Figure 14b). 

When a narrow beam of X-rays is directed against a 
genuine pearl, the rays are diffracted or split up inside 
the pearl. This results in the halo or spoke-like pattern 
which registers on an X-ray film in the manner shown 
in Figure 15a. 

On the other hand, when an X-ray beam is projected 
against a cultured pearl, a Maltese-cross pattern results 
as shown in Figure 15b. The stratified arrangement 
of the mother-of-pearl shell is the cause of the “cross” 
forming instead of a halo or spoke design. 

(8) The Endoscope (see Figure 16). This in- 
genious optical instrument was invented in 1927 by two 
Frenchmen, Chelowsky and Perrin. While designed 


(a) (b) 
Figure 15 
(a) Typical spoke-like diffraction pattern produced by a genuine pearl. 
(b) Maltese-cross diffraction pattern produced by a Jap ltured 
pearl. 
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Figure 16. Endoscope Used to Detect Light Flash in Interior of a 
Genuine Pearl. Cultured Pearls Produce No Flash 


for testing drilled pearls only, the instrument is quite 
effective in separating genuine pearls from those cul- 
tured by the Japanese. The endoscope consists of an 
arc lamp which projects light through an optical system 
to which, by means of a holder, is attached a hypo- 
dermic-like needle. On the end of this needle are two 
opposed minute platinum mirrors, set at angles ap- 


Figure 17. Pearl Compass for Testing Pearls 
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proximately 45 degrees to each other. The pear! to be 
tested is slipped over the needle, brought into line with 
the converging light of the optical system, and then 
locked in place. A device permits the pearl to be 
moved backward and forward over the needle. 

If the pearl on the needle is a genuine one, a small, 
but distinct flash will be seen in the eyepiece as the 
pearl is moved over the needle. The flash is due to the 
fact that light reflected from the first mirror of the 
needle is directed into the interior of the pearl. This 
light (in the pearl) is then deflected downward at ap. 
proximately right angles. It is this light which js 
picked up on the outside mirror to produce the flash 
as mentioned above. A Japanese cultured pearl, be- 
cause of its large mother-of-pearl core composed of 
striated layers, will not produce a flash when tested on 
this instrument. 

(9) The Pearl Compass. Early in 1920, Dr. R. 
Nacken, a German physicist, constructed what he 
called a “pearl compass” (see Figure 17). It makes 
use of the fact that some mineral matter is diamagnetic 
while other mineral compounds are not. To operate 
the instrument, a pearl is attached to a slender glass 
rod by means of a small amount of nonmagnetic wax. 
The rod and pearl in turn are then attached to a very 
fine thread. When assembled the pearl should hang 
exactly between the poles of the magnet. When a 
magnetic field is created, the pearl, if genuine, will not 
rotate. However, if the pearl under test is cultured, a 
slow rotation of the pearl will be observed. Care must 
be exercised to insure that the pearl under test, if 


Figure 18. Kerr Specific Gravity Balance for Determining Density of 
Gemstones and Pearls 


drilled, does not contain a piece of broken drill bit, or, 
if half-drilled, some pearl cement, which may be itself 
diamagnetic. A genuine pearl under such circum- 
stances wili be found to rotate. 

(10) Specific gravity balance. Occasionally it 18 
necessary to determine the density of a gem stone. 
There are several methods and a number of instruments 
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yvailable to obtain specific gravity. Tiffany & Co. simplifies density determinations. A density balance 
have a balance designed by Dr. Paul Kerr of the De- can prove particularly effective in separating Jadeite 
partment of Geology, Columbia University (see Figure from Nephrite. Both minerals are sold in the trade as 
18). “Jade” and occasionally they are very similar in ap- 

Weights and weighing arms are so counterbalanced pearance. Jadeite, however, is the heavier of the two 
and calibrated that short cuts are achieved during the minerals, having a density of 3.33 as against 3.00 for 
gavity determination. In short, the Kerr balance Nephrite. 


* A PATENT ASSIGNMENT! 


BERTIN L. EMLING 
St. Vincent College, Latrobe, Pennsylvania 


Patent title. 
Chemical Abstracts reference. 


Tue importance of patent protection for new or im- 
proved processes or products is quite generally recog- 
nized by the chemical industries. A progressive organ- Names of the patentees and assignees, if any. 
ization will nearly always protect the results of its re- Date of application and date of issue of the 
search by means of patents. It therefore follows that patent. 


9998 


students of chemistry who later in their careers may be 5. Patent number and serial number. 

at least instrumental in and often responsible for ad- 6. First state in one sentence, as briefly and in- 

vances in applied science should have some knowledge clusively as possible, what the invention is. 

of what a patent is. This is true not only for graduate Then give a short summary of the specifica- 

students but also for undergraduates. tion of the invention. Classify the invention 
One way to learn something about patents is to study as art, machine, manufacture, composition of 

acopy of an actual patent. It is the author’s conten- matter, improvement, or two or more. 

tion that every student who will graduate with a 7. Clearly show what is useful and new in the inven- 

bachelor’s degree in chemistry should at least study the tion. 

structure of one original patent and analyze it from the 8. Briefly state the claims made and whether in 


viewpoint of good practice. For this purpose the 
following class assignment is proposed. 

The student is first required to familiarize himself Give reasons for all your statements. The copy of 
with Chemical Abstracts and the practice of this journal — the patent must be submitted with the assignment. 
of abstracting patents. Chemical Abstracts covers ail 
the important chemical literature of the world, includ- 
ing patents, and publishes this material in abstract 
form arranged in thirty-one distinct sections. Under 
each section are contained the abstrects of material 
peculiar to that section. The individual abstract 
consists of the patent title, the names of the patentees 
and assignees (if any), the patent number, the date of 
issue, followed by a brief synopsis of the subject matter 
ofthe patent. From these abstracts the student selects 
apatent that interests him and secures a copy of the 
patent by sending twenty-five cents to the Commissioner 
_— United States Patent Office, Washington 25, 

The following assignment is then made. 


your opinion the claims are sound. 


An explanation of most of the concepts covered in 
this assignment can be found in a pamphlet, “General 
Information Concerning Patents,’’ a copy of which can 
be obtained without charge from the Commissioner of 
Patents. This booklet briefly describes the rights 
granted by a patent, the qualities necessary for a 
patentable invention, and the structure of specifica- 
tions. It will be quite worth while for the student to 
read this pamphlet before he attempts to carry out the 
assignment. 

Some teachers of chemistry have used assignments 
similar to that recommended here but they usually 
confined them to courses in chemical literature. The 
assignment, however, can easily be adapted to any 
chemical curriculum. It may be used in any advanced 

Supply the following information concerning a patent undergraduate course by simply correlating the subject 
in which you are interested and a copy of which you matter of the patent with the general content of the 
have secured from the United States Patent Office: course. Thus in a course in advanced organic chemis- 
try the student might be limited in his selection of the 
patent to those abstracted in section ten (organic chem- 


'Based on a paper presented before the Division of Chemical 
Education at the 118th meeting of the American Chemical So- 


ciety, Chicago, September, 1950. istry) of Chemical Abstracts. 


SYSTEMS 


Fieser! has introduced a “plus” and “minus” nota- 
tion for denoting the configurations of asymmetric cen- 
ters in the dicarboxylic acids derived from sugars. This 
paper introduces a procedure for examining the stereo- 
chemistry of simple carbocyclic and heterocyclic rings, 
which is essentially a generalization of Fieser’s notation. 
We will consider, as a starting point, a six-membered 
carbocyclic system in which the ith carbon atom has 
attached substituents a, and b,, where all a; and b, may 
be the same or different: 


(I) 


We will denote the group a-C-b, by A, if a, lies above 
and b, lies below the plane of the ring. The inverse of 
this group will be denoted by A,~. Structure (I) can 
then be expressed in terms of the A, as 


(II) 


To facilitate writing, (II) will be written in a 2 X 3 
array, which we will term a matrix, symbolized by |A,|: 


In setting down a matrix, it is important that the se- 
quence of the A, as they occur in (I) (or, equivalently, 
in (II)) and the sense of the sequence (clockwise or 
counterclockwise) be preserved in the matrix. 

The value of a matrix, V|A,|, is the actual structure 
which the matrix represents. The value of |Aj| is 
structure (I). The plane in which the matrix is writ- 
ten will be called the matriz plane, which corresponds to 
the plane of the ring in (I). 

It is apparent that if the elements of a matrix undergo 
a cyclic permutation, the value of the matrix remains 
unchanged. Such a cyclic permutation corresponds to 
a rotation of structure (I) about an axis perpendicular 
to the plane of the ring. The operation of bringing 
about any cyclic permutation of the elements in the ring 
will be denoted by 7;. A rotation of structure (I) of 


— L. F., anp M. Freser, “Organic Chemistry,’”’ 1944, 
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STEREOCHEMISTRY OF SIMPLE RING 


JOHN FIGUERAS, JR. 
University of Illinois, Urbana, Illinois 


180° about an axis lying in the plane of the ring flips the 
molecule over. Analogously, a matrix can be “flipped 
over” by application of the operation 7»: 

cAsAy A,~A2~A; 

The net result of operating with 7» is that each element 
is inverted and the sense of the sequence of elements be. 
comes reversed. 

There are two operations of reflection. RR, is reflec 
tion across any edge of the matrix in a mirror perpen 
dicular to the matrix plane. 2p is a reflection in a plane 
parallel to the matrix plane. These operations are il- 
lustrated in the following. 

*|AcAsAg AcAsAy Ag As~Aq~ 
It is seen that R, reverses the sense of the sequence of 
elements leaving the elements themselves uninverted, 
whereas Rp inverts each element but leaves the sense of 
the sequence intact. 

If, for two operators P; and P,|A,| and P,|Aj 
are identical, then P, and P, are identical (P; 
P2). If the values of P,|A,| and P»|A,| are equal (i.e, 
P,|A,| and P»|A,| represent the same structure), then 
P, and P2 are equal (P; = Pz). That operation which, 
when applied to a matrix, leaves its value unchanged is 
the unity operator, one. In view of the preceding def- 
nitions, 7, = 1. Any operation which forms a 
mirror image of a matrix will be designated by £. It 
can be shown that R; = Ro = E. If, for a given strue- 
ture, it can be shown that EF = 1, the structure is either 
a meso form or inactive because of a higher degree of 
symmetry. By definition, a meso form is one which 
possesses asymmetric centers but is optically inactive 
because it possesses a plane or center of symmetry. 

The compound operator P2P, signifies that P, oper- 
ates on the matrix first and P:, operates on the result. 
If P; = Ps, then P2P; = P:P3; this holds for the iden- 
tity relation as well. 

Consider the trans diketopiperazine of alanine: 


H 


Ro 


The matrix for this molecule is 


= 
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where 
CH; 
Ai = C » Ag = >C=90, A; = >N—H 
Then, 
= | = 
from the steric nature of A, and A;3, A2~ = Az: and A;— 
= A;; thus, 


Thus we have shown for this molecule that Z = 1, and 
since the molecule possesses centers of asymmetry, it is a 
meso form. 

The matrix notation can be extended to rings other 
than those with six members. An eight-membered 
ring would be represented by a 2 X 4 array. Rings 
with an odd number of atoms can be expressed in a rec- 
tangular array by introducing the null element, O, 
which serves merely to fill in the array. Although the 
position of O in the matrix is perfectly irrelevant, for the 
sake of definiteness it will be assigned a position between 
the first and last elements in the matrix; thus a three- 
and a five-membered ring would be represented as fol- 
lows: 

A\A2 A,A2A;3 

OA; O 
It will be further required that the position of O relative 
to these two elements be maintained under all opera- 
tions. 

A very simple example of the application of this no- 
tation to the determination of the number of isomers of 
agiven compound follows. We will consider 1-methyl- 
cyclopropane-2,3-dicarboxylic acid (III): 


CH, 
COOH 


HOOC 


(IIT) 
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The matrix for this compound is 
= 


There are two possible signs for each element, hence 2* 
= 8 possible matrices which may represent different 


compounds. Out of these eight matrices there will be 
four in which the signs of the Aj’s are alike: 
| A,~A; | A,~Az~ | 
O O A,~ O A, O 
(IV) (V) (V1) (VII) 
Since Ry (IV) == (VII) = E (IV) and Ts (VII) = A As 


= 7’, (IV), it follows that (IV) = (VID) (7. e., (IV) and 
(VII) have the same value) and that E (IV) = (IV) 
(t. e., (IV) has the same value as its mirror image). For 
(IV) it has thus been established that ZH = 1, and since 
the Aj’s in (IV) are asymmetric centers, it follows that 
(IV) represents a meso form, and that (VII) represents 
this same compound. Similarly it can be shown that 
(V) and (VI) represent the same compound which is a 
meso form. Inspection shows that there is no way of 
interconverting (IV) and (V) (or (VI) and (VII)) due to 
the nature of the difference in signs. Thus there are 
two meso forms corresponding to the given compound. 
The four matrices in which the two Aj’s are different 
are: 


A,Az | A,A;~ | | io | 
O OA, O Ai 
(VIII) (IX) (X) (XI) 


Application of the operation Ry shows that (VIII) and 
(XI), and (IX) and (X) are mirror images. Applica- 
tion of the operation 7,7’) shows that (VIII) and (IX), 
and hence (X) and (XI) have the same value. Since 
the senses of the sequence of elements in (VIII) and 
(X) are opposed, these two are not interconvertible, and 
one d,l pair is possible for the given compound. 
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INSTITUTE FOR THE TEACHING OF CHEMISTRY 


St. Louis University has announced the establishment 
of the Institute for the Teaching of Chemistry. The 
object of the Institute is to provide broad as well as 
intensive training for teachers of elementary chemistry 
in the secondary schools and in Junior Colleges. The 


program is primarily designed for the in-service training 
of teachers already in the field, although many of the 
courses may be credited toward the Master’s degree in 
the Teaching of Chemistry. 

The six-week program of the Institute begins June 


19 and includes the following: (a) courses in the several 
fields of chemistry and physics, dealing with subject 
matter of direct value to the teacher of elementary 
chemistry; (b) seminars in special topics of chemistry; 
(c) seminars in teaching problems of elementary chem- 
istry, including a course in lecture-demonstrations; 
and (d) special lectures and informal conferences. 

For further information write to Dr. Theodore A. 
Ashford, Director of the Summer Intitute, Department 
of Chemistry, St. Louis University, St. Louis, Missouri. 


| 
| | 


T ue term “isomorphism,” coined by Berzelius, denotes 
the fact that similar compounds of various elements may 
have like crystal forms. This phenomenon was dis- 
covered early in 1819 by Eilhard Mitscherlich in Berlin, 
first with the salts of phosphoric and arsenic acid, then 
with sulfates of bivalent metals. 

Isomorphous elements can replace each other in their 
respective corresponding compounds in indefinite pro- 
portions and form homogeneous mixed crystals, in 
which they occur together in nonstoichiometric ratios. 
This fact had been known several years prior to Mit- 
scherlich’s first observations. 

Since 1807, the chair of chemistry and mineralogy at 
the university, which was founded at Ingolstadt in 1472 
and moved to Landshut in 1800, had been occupied by 
Johann Nepomuk Fuchs. As a pupil of Klaproth and 
the Paris school, and in conformity with the demands 
of this stage of chemical development, he had occupied 


bya ay? 
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Johann Nepomuk Fuchs in 1844 


“Science is the lodestar of practice, without it the latter easily loses itself in 
the murky and infinite ranks of possibility.” 


JOHANN NEPOMUK FUCHS 
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WILHELM PRANDTL 
University of Munich, Munich, Germany 
(Translated by Ralph E. Oesper) 


himself at first with the analyses of minerals in order to 
find out whether their compositions were in accord with 
the laws of definite and multiple proportions. The 
atomic theory and the chemical system of symbolic 
notation were just taking form. It was. still the 
fashion to follow Lavoisier and regard all chemical con- 
pounds and minerals as simple or compound oxides, 
About this time, Berzelius determined “the weight of 
the elementary quantity compared with that of oxygen 
gas,’ whose quantity or volume he represented by (0) 
and arbitrarily set equal to 100, 7. e., he determined the 
atomic weights of the elements referred to O = 100, 
The procedure was to determine by quantitative meth 
ods the percentage content of the simple oxides ina 
natural or artificial compound and then to calculate the 
volumes of oxygen which must have been contained in 
these oxides. In chemical compounds these volumes 
are in the ratio of small whole numbers; for example, in 
sulfates 1:3, in nitrates or chlorates 1:5, and so forth, 
Fuchs conceived the plan of analyzing as accurately 
as possible whole groups of similar minerals, e. 4, 
garnets from various regions. Beginning in 1813, he 
and his friend Adolph Ferdinand Gehlen, professor of 
chemistry at the Bavarian Academy of Sciences in 
near-by Munich, studied zeolites. This name (Gr. 
zeein = to boil, and lithos = a stone) had been coined in 
1756 by the Swedish mineralogist Axel von Cronstedt 
(1722-65) as a collective term for hydrous, acid-de 
composable silicates, which foam under the blowpipe be 
cause of the evolution of steam and then melt to a glass. 
Later, these silicates were classified, according to theit 
appearance, as fibrous-, foliated-, and needle-zeolites: 
mesotype or natrolite, stilbite, analcite, etc. The two 
friends soon discovered that several varieties of meso 
type had the same composition as Klaproth’s natrolite, 
whereas others with the same oxygen ratios contained 
lime in place of soda. Since these warped under the 
blowpipe they called them scolecites (Gr. scolio’s = 
curved). However, they subsequently found a scolecite 
which contained considerable proportions of soda along 
with lime. In 1815 Gehlen (b. 1775) died prematurely 
as a result of arsine poisoning. Fuchs carried on alont 
and published the findings in Schweigger’s Journal fit 
Chemie und Physik [18, 1 (1916)]. Since the lime-sods- 
bearing zeolite was intermediate between natrolite and 
scolecite with respect to composition and properties, he 
proposed that it be named mesolite (Gr. mesos = in the 
middle). In modern terms, all three minerals form al 
isomorphous mixed series. 
In addition to this study of zeolites Fuchs analyzed 
new mineral which had recently (1814) been found it 
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South Tyrol. He suggested that this lime-alumina sili- 
cate be called gehlenite, in honor of his late friend and 
«worker. In his report! he stated that the results of 
the best analyses ‘‘agree, as may be seen from the 
ycompanying quantities of oxygen, fairly well with the 
theory of definite chemical proportions. ... However 
the situation is peculiar with respect to the lime and 
ion oxide; neither one or the other taken by itself fits 
into the series of ratios, but if they are taken together, a 
quantity of oxygen is obtained which is almost exactly 
four times that of the oxygen of water, and almost equal 
to the oxygen of alumina. Nevertheless, I do not re- 
gard the iron oxide as an essential constituent of this 
variety, but merely as a vicariating constituent, if | may 
be permitted to employ this expression to designate a 
substitute for almost as much lime, which in the ab- 
snce of the iron oxide must be present to make up the 
full complement in order to enter into the proper ratio 
with the other constitutents; and I believe that in the 
future varieties will be discovered which will contain 
much less or no iron oxide at all, but instead a greater 
quantity of lime. The whitish crystals, which merely 
turn a light yellowish grey in the fire, and which appear 
to be somewhat more refractory, seem to constitute the 
transition to this. 

“The results of several analyses of mineral compounds 
must be looked at from this viewpoint if it is desired, on 
one hand, to bring them into accord with the theory of 
proportions, and on the other if it is desired to avoid 
having the varieties unnecessarily dispersed too much 

Aluminum sulfate forms an alum with am- 
monium as well as with potash, or with both of these 
alkalies at the same time; would it be really expedient 
tolook on these three different combinations, which do 
not differ at all in their physical characteristics, as 
three different species of salt? The ammonium can re- 
place the potash here altogether or in part, and vice 
versa.’ 

Fuchs also cited the case of feldspar, in which the 
potash can be replaced by soda. Therefore, Fuchs was 
the first (1815) to state that in minerals, and also in 
artificially prepared chemical compounds, certain con- 
stituents can substitute for one another, 7. e., vicariate, 
without any noticeable change in their crystal form. 
This new fact was not the result of a chance observation 
but rather was derived from wide experience with 
mineral analyses. 

In the course of his studies of zeolites, Fuchs also in- 
vestigated a mineral from Amberg, which had been des- 
ignated as a fibrous zeolite. He immediately recog- 
nized that the specimen was not a zeolite but that as 
well as alumina and water it contained phosphoric acid 
(22per cent). Since no previous case of such mineralized 
phosphate had been reported Fuchs believed that he 
had discovered a new mineral. However, in 1818 he 
realized that this material was identical with wavell- 
ite, which had been studied by Humphry Davy (1805) 
and Klaproth (1810), but that its high content of phos- 


' Schweigger’s Journal fiir Chemie and Physik, 15, 377 (1815). 
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Birthplace of J. N. Fuchs in Mattenzell in the Bavarian Forest 


phoric acid had completely escaped both of these 
eminent chemists. Fuchs also found (1818) that lazu- 
lite, a blue mineral from the Salzburg region and Styria, 
which had hitherto been considered a silicate, likewise 
is a phosphate containing almost 42 per cent phosphoric 
acid, which Klaproth had missed entirely. Another 
rare mineral, hitherto considered to be topaz, was 
recognized by Fuchs as a fluoriferous magnesium phos- 
phate; he named it wagnerite. In 1834 he discovered, 
at Bodenmais in the Bavarian forest, a lithium-bearing 
iron-manganese phosphate which he named triphyline, 
in allusion to its containing three bases. 

Johann Nepomuk Fuchs was born on May 15, 1774, 
in the Bavarian village community of Mattenzell. His 
parents were poor peasants, who-lived in a miserable 
hut where he was born. His first schooling was ob- 
tained in the nearby monastery and he proved so 
superior among his fellow pupils that he was destined 
for the clergy. Consequently, in his 17th year he was 
sent to the episcopal Gymnasium at Regensburg. After 
the usual humanistic preparatory course, at the age of 
20 he was enrolled in the Bavarian university at In- 
golstadt where he took up philosophical studies. How- 
ever, he felt no inner urge for the clerical profession and 
found patrons who made it possible for him to study 
medicine at the University of Vienna. He was at- 
tracted to science more than to medicine, and chemistry 
interested him particularly. Natural history, especially 
botany and chemistry, had been taught at Vienna since 
1768 by Nicolaus Joseph Freiherr von Jacquin, whose 
son Joseph Franz had assisted him since 1791 as adjunct 
and from 1797 as professor. Under the influence of 
these men, who at that time were the chief representa- 
tives of Austrian sciences, Fuchs turned more and more 
to chemistry and mineralogy. However, he completed 
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Adolph Ferdinand Gehlen, 1775-1815 


the medical course and took his Doctor of Medicine de- 
gree at the then Palatinate-Bavarian University of 
Heidelberg. He passed his state medical examination 
at Munich but then decided not to enter the practice of 
medicine because he wished to devote himself exclu- 
sively to chemistry and mineralogy. The need for 
chemists was urgent at the time and it was not difficult 
to secure a government grant to further his plans. He 
was thus able to visit the centers where his chosen 
fields were being practiced in the best manner: Freiberg 
in Saxony, where lived the great ‘“‘teacher of mineralogy 
for all Europe,’ Abraham Gottlob Werner; Berlin, 
where the German past-master of chemistry Martin 
Heinrich Klaproth was active; and finally Paris, where 
were gathered the leading French chemists Guyton de 
Morveau, Fourcroy, Berthollet, and Vauquelin, as well 
as the founder of crystallography, René Just Haiiy. 
After Fuchs had also acquired practical experience on 
several mineralogical and geological expeditions, he re- 
turned to Munich and passed an examination before a 
committee of the Bavarian Academy of Sciences, with 
the result that in the fall of 1805 he was installed at the 
University of Landshut as teacher of chemistry and 
mineralogy. Georg Augustin Bertele had been active 
there since 1794 as professor of chemistry, general 
sciences, botany, pharmacy, and materia medica. 
Fuchs now held lectures in chemistry and mineralogy in 
Bertele’s fairly well-equipped laboratory. From 1807 
on he held the rank of professor. He assembled a 
collection of chemical preparations, arranged and en- 
larged the mineral collection, and improved various 
pieces of laboratory equipment. From 1820 on he also 
gave a course in analytical chemical exercises, which 
was open to a maximum of eight students who must 
have previously shown their merit. In addition, he 
carried on the mineral studies described above. 


JOURNAL OF CHEMICAL EDUCATIOy 


In 1810 Fuchs married the daughter of one of the 
most prominent citizens of Landshut, the owner of the 
inn at which the university professors held their evening 
social gatherings. Fuchs thus became well-to-do and 
acquired a house of his own. He was of good statur, 
but made no pleasant impression at first contact. If 
was necessary to become accustomed to his charae. 
teristic inquiring look, which was combined with near. 
sightedness and an ironical smile. As a result of the 
privations and exertions during his boyhood and student 
years his lungs were weak when he came to Landshut; 
at times he brought up blood, so that his friends wer 
fearful about his life. Although this condition im. 
proved, Fuchs was always sickly and had to be careful 
of himself. Nevertheless, by following a strict regimen, 
conserving his forces, and avoiding all detrimental in- 
fluences, he reached the ripe age of almost 82 and, within 
the limits set by his constitution, was indefatigable to 
the very end of his life. Because of his nearsightedness 
he bent low over his writing desk, his arms drawn clos 
to his body, and he often had in front of him a littl 
bowl containing chloride of lime and a rod for stirring it 
up. His lectures, interspersed with frequent coughing, 
were not attractive, but they were well prepared and 
sincere; his experiments seldom failed. Accustomed to 
privations from his youth, he held economy to be one 
of the principal virtues, and he practiced it in the 
laboratory with respect to apparatus and chemicals. 
The loss of a vessel, through the carelessness of a co- 
worker, could put him into a state of great agitation. 
He was painfully exact and reliable in the fulfillment of 
the duties he assumed. A pious, strict Catholic, Fuchs 
was lovable and always ready to help his fellow man. 


Joseph Franz Freiherr von Jacquin, 1766-1839 


Gehler 
Influer 


‘ 
‘ MES fectly ¢ 
The 
fessor 
corres] 
ing als 
he 
Cor 
descri 
Beg 


ATION 


of the 
Of the 
Veni 
do a 
itature, 
ct. It 
charac. 
h near. 
of the 
student 
.dshut; 
ls were 
on im- 
careful 
gimen, 
ital in- 
within 
able to 
edness 
Close 
a little 
rring it 
ighing, 
ed and 
med to 
be one 
in the 
micals, 
f a co 
tation. 
of 
Fuchs 
y man. 


MARCH, 1951 


Although not fond of scientific disputes, he was per- 
jectly capable of putting up a forceful, stubborn, fact- 
filed defense when he was drawn into such debates. 

His poor health hampered his teaching, and his chief 
merit was as an investigator. Here, as in his daily life, 
he was extremely conscientious and trustworthy. The 
sults of his researches were highly regarded in pro- 
fessional circles because they invariably proved to be 


correct. 

In the fall of 1823, Fuchs was called to the Bavarian 
epital as curator of the national mineralogic collections 
and to become a member of the Academy of Sciences. 
The president of this learned body was the well-known 
philosopher Friedrich Wilhelm Schelling, and its chem- 
ist was Heinrich August Vogel, who had succeeded 
Gehlen in this post in 1816. Fuchs inaugurated his ac- 
tivities in Munich with a public lecture “The Mutual 
Influence of Chemistry and Mineralogy,” in which 
he pointed out that chemistry was indispensable to the 
founding and progress of mineralogy, since a classifica- 
tion of minerals is only possible on the basis of their 
chemical constitution and crystal form. 

The University of Landshut was moved to Munich in 
1826, and Fuchs was again installed as ordinary pro- 
fessor of mineralogy, while Vogel was appointed to the 
corresponding chair of chemistry. Fuchs held his lec- 
tures in the Academy headquarters on Neuhauser- 
strasse, where the collections were housed. The build- 
ing also contained a small chemical laboratory in which 
he continued his chemical investigations, with the sole 
assistance of a hireling whose pay was 50 kreutzers (25 
cents) per day. In these modest circumstances Fuchs 
carried out the significant researches which will now be 
described. 

Beginning in 1821, Fuchs turned his attention to the 
origin of china clay, 7. e., kaolin. He showed that the 
day from Obernzel!l near Passau was not a product of 
the weathering of the difficultly attackable feldspar, as 
was generally assumed, but that it came instead from a 
much more readily decomposable lime-soda-alumina 
silicate, which he named porcelain spar (porcelainite). 
Under the action of water and carbon dioxide this clay 
had lost all of its soda, almost all of its lime, and a third 
of its silica, and had thus been converted into kaolin. 

In the course of this study Fuchs also took up the 
ynthesis of silicates through the mutual action of 
alkali silicate and alkali aluminate solutions. He found 
that the resulting precipitates contained not only alu- 
nina and silica but also alkali, and that the latter is re- 
placed by lime when the precipitates are treated with 
lime water. Consequently, he had observed the base- 
exchange of zeolites as well as the artificial production 
of natrolite, scolecite, and other zeolites. In this way 
he became familiar with the chemistry of silicic acid and 
arrived at one of his most important discoveries, namely 
water glass. 

At that time only two artificial compounds of silicic 
acid with the alkalies were known. The first (insoluble) 
was ordinary glass, which, with no regard to its lime 
content, was thought to be an alkali silicate containing 
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excess silica. The second was the so-called silica liquor, 
which was prepared by fusing silica with excess alkali 
and then dissolving the melt in water, or allowing it to 
deliquesce in moist air. As early as 1818, Fuchs had 
prepared a new product from finely divided silica, which 
he obtained by boiling silica liquor with ammonium 
chloride solution. Concentrated caustic soda or potash 
was then saturated with this silica powder and the 
solution evaporated to a thick syrup. On cooling, it con- 
gealed to a rigid, translucent glasslike mass which was 
stable in the air; when powdered it dissolved in water. 
Fuchs called his product water glass. He worked out a 
method for preparing it on a commercial scale and rec- 
ommended it as a fireproofing agent for scenery, as an 
artist’s primer, adhesive, lute, etc. As late as 1855, 
i. €., just one year before his death, he issued, as a sort 
of testament of his lengthy experience, a collected ac- 
count of the “Preparation, Properties and Practical 
Application of Water Glass, including Stereochromy.”’ 
He coined the latter term (Gr. stereos = solid, chroma = 
color) to designate a procedure in which the artist uses 
water glass as a binding agent for the colors and the 
background, a method which he had tested in conjunc- 
tion with well-known Munich painters. It was claimed 
that this process yielded more durable murals than the 
old traditional frescoing. 

The analytical investigation of silicates and the in- 


Neuhauserstrasse in Munich about 1830—the Academy building to the 
left 


vention of water glass, together with its technical utili- 
zation, led Fuchs into the study of building materials, 
such as limestone, clay, marl, and particularly the 
binding agents prepared from these, namely, lime, 
mortar, and hydraulic cement. He instituted experi- 
ments on the burning of limestone and the quenching of 
lime, the behavior of lime cream toward the ingredients 
of mortar, especially toward the various kinds of silica 
and silicates. Therefore he was well equipped to offer 
a ready and excellent answer to the prize question sub- 
mitted in 1830 by the Society of Sciences at Haarlem: 
“Quels sont les caractéres, auxquels on reconnaitra les 
ciments, qui s’endurcissent sous l’eau? Quels sont les 
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principes constituans et quelle est la combinaison chim- 
ique, qui s’opére pendant leur solidification?” In his 
“Uber die Eigenschaften, Bestandteile und chemische 
Verbindung der hydraulischen Mortel,” which was 
awarded a gold medal, Fuchs stated for the first time 
the scientific foundations of the requirements which are 
necessary for the production of a good hydraulic ce- 
ment, and he proved that its hardening under water is 
due essentially to a chemical union of opened-up silica 
with lime, a reaction which proceeds gradually under 
the influence of the water. 


Abraham Gottlob Werner, 1750-1817 


During the course of his many studies of mineral 
natural products Fuchs made a number of remarkable 
observations. As early as 1809 he distilled petroleum 
from St. Quirin on the Tegernsee in the Bavarian Lower 
Alps, and in addition to naphtha obtained a fatlike, un- 
saponifiable, colorless, odorless, and tasteless substance 
which was insoluble in water and soluble in alcohol or 
ether. This material was later (1830) found in wood tar 
by Karl von Reichenbach at Blansko in Moravia, and 
again in 1835 by J. B. Dumas in coal tar. Reichenbach 
was the first to recognize the technical and economic 
importance of this product, which was subsequently 
named paraffine. In 1822, Fuchs visited the salt works 
at Hall, near Innsbruck, and found iodine in the 
mother liquor. He also found this element in various 
Bavarian mineral waters, and likewise bromine and 
lithium. He discovered that rose quartz from Raben- 
stein near Zwiesel, Bavaria contains about one per cent 
of titanium dioxide and attributed the color of the stone 
to this foreign constituent. 

Through his observations on silica and its natural 
compounds, Fuchs in 1833 came to the realization that 
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not all of the so-called dense or compact substances, jn 
which no crystalline structure could be discerned, wer 
to be regarded as aggregates of crystals which were 
small as to elude perception. Instead, and contrary to 
this general belief, there are also certain dense gyb. 
stances which really have no trace of crystallization and 
which accordingly must be designated as being without 
form or amorphous. He contrasted the crystalline 
condition of solids, crystallism, with amorphism, and 
showed that one and the same chemical substance may 
have different chemical and physical characteristics 
depending on whether it is in one or the other condition, 
Pure opal is essentially nothing other than formless, 
amorphous, and compact silica, whereas quartz (rock 
crystal) represents definitely shaped silica. Opal is 
comparable to liquids in that it is a continuum with the 
same cohesion in all directions. Like liquids and al] 
amorphous materials it exhibits only single refraction, 
Opal differs from quartz not only in physical charae- 
teristics but also in chemical behavior. For example, 
when ground to a powder with hydrated lime, opal con- 
bines with the latter and sets under water; it dissolves 
in cold dilute caustic solutions, a behavior not shown by 
even the finest quartz powder. Chalcedony and flint 
are mixtures of opal with crystalline silica. ‘‘Accord- 
ingly we must distinguish two states of solidity, that of 
the shaped and that of the shapeless, and we may not 
regard solidification and crystallization as being iden- 
tical.’”, Many materials are known only in the shaped 
state, some only in the shapeless condition; many can 
be put into both states. Amorphous materials, which 
Fuchs also designated as rigid liquids, may arise by dry 
methods through vitrification or by wet methods 
through coagulation. Opal is produced by coagulation; 
ordinary glass from a melt. Under certain conditions 
glass may crystallize, whereby it becomes cloudy be 
cause of the separation of innumerable tiny crystals— 
process known as devitrification. Amorphous anti- 
mony sulfide (kermesite) can be obtained from crystal- 
line antimony trisulfide (antimonite) by keeping the 
latter in the fused state for a long time and then rapidly 
cooling the melt. The black mercuric sulfide, prepared 
by either a wet or dry method, can be converted into 
red cinnabar by sublimation and crystallization, and 
the latter can be changed into the black sulfide again by 
heating and rapid cooling. 

As examples of vitrified minerals, Fuchs cited not 
only obsidian, pumice, pitchstone, perlite, but als 
leucite and gadolinite. Coagulated minerals were ex 
emplified by allophane, psilomelane, pitchblende, eic.; 
organic coagula by the resins, gums, hard coals, animal 
glues, and so forth. The glowing displayed by many 
amorphous materials when they are heated to a certail 
temperature was attributed by Fuchs to “the awaker- 
ing of the force of crystallization.” 

He regarded “‘the infinite face, the sphere, the mother 
form of the corporeal world” as the elementary building 
stone of amorphous materials. He pointed out that 
mechanical forces, such as pulverization, can never Col 
vert a crystalline substance into an amorphous one, 
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i.e, diamond into lampblack; this change can be ac- 
complished only by arousing the internal forces by 
chemical means. He used the term deformation for the 
process which is the contrary of crystallization, and he 
was convinced (1833) that every chemical synthesis 
must be preceded by a deformation, that every material 
which combines with another must pass through a state 
of shapelessness, that it must sacrifice its individuality 
to the chemical product. ‘Every inorganic compound 
likewise must put off its form, if it wishes to enter the 
organic realm and be assimilated in an organic body. 
(rystallization and life are absolutely incompatible 
with each other, and as soon as any substance in an 
organic body begins to take on a crystalline shape, at 
that instant it falls into the inorganic realm. The 
aystal is, so to say, the landmark between the organic 
and the inorganic realms.” Fuchs used this occasion to 
point out how important easily attackable silica is to 
plant nutrition. 

In 1837, and hence several years before the appear- 
ance of Liebig’s ‘‘Die organische Chemie in ihrer An- 
wendung auf Agricultur und Physiologie” (1840), Fuchs 
st forth in a lecture his views on the development of the 
terrestrial sphere. He expressed his conviction that 
the carbon of fossil coals and resins and that of the en- 
tire animate nature had been derived from the atmos- 
phere and that the oxygen of the air had thereby origi- 
nated at the same time. 

During his many years of experience with mineral 
analysis Fuchs devised new analytical and preparative 
procedures, and some of these are still in use. At that 
time the simple ammonium molybdate test for phos- 
phoric acid was not yet known, and occasionally even 
eminent chemists overlooked the presence of this acid 
or its salts. Fuchs worked out a method of detecting 
phosphate by means of the blowpipe. He found that 


Heinrich August Vogel, 1778-1867 


141 


Rene Just Haiiy, 1743-1822 


phosphates, particularly after being moistened with 
sulfuric acid, impart a bluish green color to the blow- 
pipe flame. He used alkali silicate solution to separate 
phosphoric acid from alumina. Mhis reagent precipi- 
tates the latter quantitatively as alkali aluminum 
silicate (artificial zeolite) from a solution containing 
both phosphate and aluminate, the phosphate remaining 
in solution. In 1831 he proposed the use of barium or 
calcium carbonate for the separation of tervalent from 
bivalent iron and other bivalent metals such as man- 
ganese, zinc, nickel, and cobalt. This precipitation pro- 
cedure is still widely used. In 1839 he showed that ter- 
valent iron may be quantitatively determined in the 
presence of phosphoric acid in hydrochloric acid solu- 
tion by means of the loss of weight suffered by a strip of 
pure copper foil used to reduce the ferric solution. If 
titanic acid is present it is revealed through its reduction 
to violet titanous chloride. 

In 1832 Fuchs prepared tin sesquioxyhydrate by 
boiling stannous chloride solution with freshly pre- 
cipitated ferric hydroxide; the hydrochloric acid solu- 
tion of the product yielded purple of Cassius on reaction 
with gold chloride solution. The recipe using a mixture 
of stannous chloride and ferric chloride solution for the 
preparation of this gold purple goes back to Fuchs, who 
also expressed the opinion that the product contains 
amorphous gold. 

All of his accomplishments demonstrated that Fuchs 
was a thoroughly independent investigator, who not 
only accumulated factual material but also recognized 
relationships and opened new paths along which others 
could make still further progress. His chemical studies 
of zeolites and mineral phosphates, in conjunction with 
the discovery of vicariation, fundamentally advanced 
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the systematization of minerals on a chemical basis. 
He provided the first scientific foundations for the 
technology of the silicates, hydraulic cement, artificial 
zeolites, and glass. His theory of amorphism pointed 
the way to research in the vast region of the noncrystal- 
line materials, from which there has since developed the 
chemistry of colloids. 

In Landshut as in Munich, Fuchs acted as adviser to 
industry and agriculture; he was consultant to dyers, 
paper and tobacco manufacturers, to starch makers and 
brewers. He introduced the manufacture of sugar from 
beets into Bavaria. 

His services as teacher, scientist, and consultant re- 
ceived proper recognition from the state authorities. 


JOURNAL OF CHEMICAL EDUCATION 


In 1833 he was appointed chemist in the Upper Medical 
Council; in 1835 he was named Adviser to the Board of 
Mines and Salt Works, with retention of his othe 
offices; in 1849 he was raised to the rank of nobleman; 
and in 1853 he was given the title Privy Councillor 
His colleague Schafhautl, in 1842, honored him by 
naming a chromiferous muscovite from the Zille 


valley, fuchsite. 


Johann Nepomuk Fuchs died at Munich on March 5, 
1856, of general exhaustion of his vital forces. His 
“Gesammelten Schriften” together with a biography 
was issued in 1856 by his student and last assistant at 
Landshut, Cajetan Georg Kaiser, who later was pro 
fessor of technology at the University of Munich. 


® REDUCTION OF BENZOPHENONE BY ALUMINUM ISOPROPOXIDE 


The Meerwein-Ponndorf-Verley reduction of benzo- 
phenone by aluminum isopropoxide and isopropanol is 
reported! to give a nearly quantitative yield of benzo- 
hydrol when a reasonably efficient fractional distillation 
assembly is used to remove the acetone formed and the 
quantity of benzophenone reduced is 0.1 mol. 


Al(OC;Hz)s 
C;-H;CHOHC.H; + CH;COCHs 


In the present work the student use of this pro- 
cedure on a much smaller scale (less than 0.01 mol) 
was found to be practical, employing the simple appa- 
ratus pictured in the figure. The finger condenser a, 
the 25 ml. distillation tube b, and the water bath ¢ were 
standard pieces of apparatus commercially available.? 
The air condenser d was a piece of 12 mm. glass tubing 
and the receiver e was a small test tube. The students 
were supplied with a 1-M solution of aluminum isopro- 
poxide in isopropanol prepared by the procedure de- 
scribed by Adams and used without purification. The 
tendency of the aluminum isopropoxide to deposit as 
crystals from this solution made it advisable to arrange 
for use of the reagent within a few days of its prepa- 
ration. 

Ten milliliters of the aluminum isopropoxide solu- 
tion, 1.5 g. (0.008 mol) of benzophenone, and some boil- 
ing chips were placed in the distillation tube. The 
mixture was heated on the water bath and the rate of 
distillation adjusted to one or two drops per minute by 
raising and lowering the condenser. After thirty 
minutes of continuous distillation the distillate was 


1 Apams, R., “Organic Reactions,” John Wiley & Sons, Inc., 
New York, 1944, Vol. II, pp. 198-203. 
? Wilkens-Anderson Company, Chicago, Illinois. 
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tested at five-minute intervals for the presence of ace 
tone by treatment with a solution of 2,4-dinitrophenyl- 
hydrazine. 
condenser was lowered to effect total reflux. At five 
minute intervals the condenser was raised and a few 
drops of distillate collected and tested for acetone. The 
reaction was considered to be complete when this test 


was negative. 


When a negative test was obtained the 


The condenser was then raised and most of the 
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isopropanol distilled off. 
Twenty milliliters of 2-N 
hydrochloric acid was 
stirred into the residue and 
the crystalline benzohy- 
drol filtered off, washed 
with dilute acid and water, 
and dried in the air. It 
was purified by crystal 
lization from benzene 
petroleum ether. The 
average student yield of 
purified product was 7 
per cent of the theoretical. 

It was found that cor 
tinuous distillation for 
about one hour was neces 
sary to obtain the first 
negative test. Hence, test 
ing of the distillate may 
properly be deferred that 
long. A total heating 
period of 14 to 2% hours 
was required for complete 
reaction. 
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Researcu implies original thought and independent 
investigation and generally can be realized only after 
certain fundamental techniques and facts have been 
mastered. The term undergraduate research by neces- 
sity carries the same connotation, and we do not believe 
it should.2 Undergraduate research should really 
be preparation for research. The student in these 
years should be encouraged to be research minded, to 
pick up the tools and techniques that will help him 
answer “how” and “why.” A thorough undergradu- 
ate course is in this sense undergraduate research. 

Today the training necessary for independent re- 
search is becoming more and more complex. The re- 
cent recommendation of the American Chemical Society 
setting forth the minimum requirements for the bache- 
lor’s degree in chemistry illustrates this point. This 
needed recommendation really telescopes five years of 
college work in chemistry into the four-year program. 
The elective hours of a major in chemistry are in effect 
nonexistent, and perhaps it is just as well. However, 
if the undergraduate student is to be trained in re- 
search technique it would appear that some of his 
fundamental training in basic course work would have 
tobe sacrificed. This sacrifice in our opinion cannot be 
justified. 

The time a student has available during a school 
week for additional work is necessarily limited in an 
undergraduate course. Consecutive long periods of 
time are necessary for productive research work of any 
type. We have had limited experience in directing 
undergraduate research among students who rated in 
the upper 10 per cent of their class. In attempting to 
arrange a program for them, some would enthusiasti- 
tally report that they had two free hours on Monday, 
three hours on Thursday, and one hour on Friday avail- 
able for the project. The instructor directing the proj- 
ect found himself doing the undergraduate research. 
Time and skills in our opinion are wasted on such a 
project. We believe the ambitious, professionally 
minded, undergraduate student can profit more from 
additional and more thorough course and laboratory 
work if time in an admittedly crowded program per- 

‘Present address: Arizona State College. 


"Kink, R. E., “Research for the undergraduate,” J. CHEM. 
Eouc., 9, 280 (1932). 


SOME VIEWS ON UNDERGRADUATE RESEARCH 


W. V. EVANS, F. P. CASSARETTO, and 
T. G. KLOSE! 
Loyola University, Chicago, Illinois 


mits. The possibility of the better students in the 
junior and senior classes being assigned problems that 
would have them repeat some of the current research 
projects in the laboratory must be considered as a 
means for encouraging the research attitude in the 
undergraduate chemist. This sounds novel and re- 
freshing until one realizes that modern texts and labora- 
tory manuals are the results of the brilliant researches 
and proved work of well-seasoned investigators of a 
few years back. In this sense again, following addi- 
tional course work is undergraduate research. We be- 
lieve the serious undergraduate student can be inspired 
toward the research attitude, receive the same thrill of 
accomplishment, have his curiosity sharpened by his 
own first careful determination of molecular weights, 
or his first “Grignard” preparation. 

Research work in the sciences is necessarily narrow- 
ing. If the undergraduate student is working in the 
laboratory with a graduate student or a professor it 
appears to us that the undergraduate student would 
be hindered by this limitation. Is it just to the under- 
graduate student to train him for months in a narrow, 
highly specialized field? The student should not be 
exploited in hack work.* Fairness to the undergradu- 
ate student seems to point to more varied techniques 
and instrumentations that should be found in his course 
work. 

Another factor that should be considered in the 
crowding of the undergraduate students with so-called 
research courses in chemistry is the fact that the chem- 
ist is a member of society and should be trained to live 
as a member of that society and get along with his 
fellow human beings. Perhaps some of his few elec- 
tive subjects should be along nontechnical lines in the 
humanities. The American Chemical Society has en- 
couraged members to participate more actively in na- 
tional and local politics and community endeavors. 
Chemists trained as critical unbiased observers can do 
much to safeguard our democratic principles for poster- 
ity. Perhaps a course or two in the social sciences for 
the undergraduate student will help him to be a better 
member of the society that nurtured him, to which he 
belongs, and to which he owes an obligation. 


*Hurp, C. B., ‘Some observations on undergraduate research 
in chemistry,” J. Cuem. Epvuc., 21, 81 (1944). 
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F'unpamenva techniques of radiochemistry can be 
demonstrated using only the naturally occurring radio- 
isotopes normally available in urany] salts and a simple 
Geiger counter. In the purification of uranyl salt 
reagents the decay products of uranium are removed, 
but the first two products of the decay, UX, (thorium), 
and UX, (protactinium), quickly grow in again. They 
reach equilibrium in a few months. The next member 
of the series, Uy,, is very long lived, so that the series is, 
in effect, arrested at this point. The uranyl salt ob- 
tained from a chemical supplier will contain the equilib- 
rium amount of UX, and of UX, (and its isomer UZ), 
but no appreciable amounts of the other members of 
the decay series. 

It is quite easy to separate the UX, from the uranium 
by means of a carrier precipitate. But to perform the 
experiment described later the UX, must first be iso- 
lated in a weightless (carrier-free) form. The following 
procedure has been feund to give a cleaner separation 
than other proposed methods, and to be more con- 
veniently carried out. A quantitative yield isnot ob- 
tained but this is not required. The new point in the 
method is that use is made of the fact that UX, forms 
a so-called “‘radiocolloid”’ in nearly neutral solutions 
that do not contain too high a concentration of electro- 
lytes. This radiocolloid, which is probably thorium 
hydroxide formed by hydrolysis, adsorbs strongly on 
glassware, especially when the solution is heated. . 

Preparation of a Carrier-free UX, Source. About 
10 to 50 g. of uranyl nitrate hexahydrate crystals are 
dissolved in ether. A stoppered flask is used since 
there is danger of separation of an insoluble solvated 
salt by evaporation of the etherial solution. The 
small aqueous layer formed from the hydrate water 
contains almost all of the UX, and can be separated by 
centrifuging the solution and decanting the ether. 
The aqueous residue is evaporated with a few drops of 
concentrated nitric acid until crystals start to separate, 
and then the ether extraction is repeated on a smaller 
scale. To separate the UX, from the small amount of 
uranium remaining, the residue is diluted with 2 per 
cent nitric acid, 5 mg. of lanthanum nitrate carrier 
added, and the lanthanum and UX; precipitated with 
oxalic acid. The lanthanum precipitate is separated 
and ignited to oxide, then dissolved.in nitric acid and 
evaporated to dryness on the steam bath. 

The residue is dissolved in 75 ml. of water in a 100- 


1 Presented at the Annual Meeting of the Chemical Institute of 
Canada (Chemical Education Subject Division) June 21, 1950. 


MEASUREMENT OF THE HALF-LIFE OF UX,’ 


A Lecture Demonstration 


A. H. BOOTH 


Atomic Energy Project, National Research Coungj 
of Canada, Chalk River, Ontario 


ml. beaker. The solution, which should have a pH of 
not less than 5.0, is heated nearly to boiling for one 
hour. A sizable fraction (40-60 per cent) of the UX, 
adsorbs on the wall of the beaker, leaving the lanthanum 
in solution. The beaker can be washed with water 
without any loss of the UX,, which is then stripped from 
the walls with nitric acid. A portion of the nitrie 
acid solution is evaporated on a platinum tray (crucible 
lid) and used as the source in the following experiment, 
The residue on the tray should be invisible, or nearly 
so. 

Determination of the Half-life of UX. The UX, 
which has a half-life of 1.14 minute, is in equilibrium 
with the parent UX,, whose half-life is 24.5 days, 
The observed activity of the equilibrium mixture de- 
cays with the half-life of the parent. But half of the 
beta particles really come from the UX2, as can be 
shown by placing a series of aluminum absorber strips 
between the source and the Geiger tube. There is 
seen to be a soft component and a hard component, 
for the UX, beta rays are more penetrating than those 
of UX;. To demonstrate the decay of UX, it must be 
separated from the UX,, collected in a suitable form, 
and inserted in the counter in a very short time. No 
very rapid method for doing this has been reported and 
it has hitherto been necessary to start w ith a rather 
large quantity of material in order to have enough 
activity remaining at the start of counting. 

The method now described is so simple to carry out 
that it can be done very readily in a classroom. The 
separation is clean and rapid and made directly on the 
counting planchet. It does not give a completely 
quantitative recovery but this is not necessary. It 
gives a 50 per cent recovery of the UX, originally 
present and takes less than one minute to carry out, 8 
that one need start with only four times as much UX: 
as one wishes to have remaining at the start of counting. 
The method was suggested by an observation of J. W. 
Knowles? who found that Pa?** is difficult to remove 
from platinum ware after an acid solution has beet 
evaporated. Thorium so treated is readily soluble. 
Protactinium oxide is known to be but slightly soluble 
in acid, but it is perhaps rather surprising that this 
fact can be exploited when dealing with amounts of the 
order of 10~-" g. 

The UX,/UXz source, on a platinum tray, is covered 
with one or two drops of concentrated nitric acid and 
warmed gently to dissolve the UX;. The UX, also 


2 Know _gs, J. W., Ph.D. thesis (McGill) 1948. 
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dissolves, for that which is present was formed from 
UX, in the dry residue and so had no chance to adhere 
tothe platinum. The following operations should now 
be carried out in the minimum possible time. The 
nitric acid is evaporated to dryness on a hot plate 
(about 30 seconds). The tray is immediately dipped 
into concentrated nitric. acid for one second, then 
plunged into a beaker of distilled water to rinse off the 
gid. It is quickly withdrawn, blotted with filter 
paper, and placed in the counter. Almost all the UX, 
is dissolved off by the acid but about 50 to 70 per cent 
of the UX» remains on the tray. 

The decay of this UX, is readily apparent and can be 
plotted by students if the scaling circuit used gives 
audible clicks or has indicator lights. The curve should 
be plotted on semilog paper. After complete decay of 
the UX, a relatively small activity due to undissolved 
UX; will remain. This amounts to less than 2 per cent 


Tae author wishes to call attention to the not neces- 
sarily original apparatus illustrated in the accompany- 
ing diagram. The arrangement has been successfully 
employed in our laboratory for the adsorption of 
noxious gases which can be readily absorbed in liquid 
media. Its utility is apparent from its simple con- 
struction from materials usually available in all labora- 
tories, 

As diagramed, the container A is an absorption tower 
and B a conventional drying tower. The absorbing 
liquid is filled to some convenient height in A while the 
liquid level in B is only high enough to cover the lower 
end of the tube C by a cm. or so as usually operated. 

The function of the liquid in B is to act as a seal. 
When the aspirator is pulling a vacuum so that bubbles 
rise in A, the pressure will be reduced in B. When the 
pressure is reduced below atmospheric pressure by an 
amount equal to the liquid head in B air will enter 
through the tube C. If the evolution of gas in the 
system is more rapid than its evacuation through A, the 
liquid in B will rise in the tube C, thus increasing the 
pressure. The pressure increase will cause more rapid 
gas passage through A until equilibrium can be estab- 
lished. If the pressure builds up too rapidly, C acts as a 
safety valve by allowing the liquid in B to be expelled 
through it until the difficulty can be remedied. 

This apparatus has been found very satisfactory in 
our laboratory for the absorption of hydrogen chloride 
generated in Friedel-Crafts reaction, sulfur dioxide- 
hydrogen chloride mixtures from reactions with thionyl 
chloride, and excess ketene from acetylations using the 
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of the original. When it is subtracted from the other 
activity readings, the resultant curve is a straight line 
from which the 1.14-minute half-life of UX, can be read 
off. The separation yield can be determined by 
projecting the decay curve back to zero time; i. e¢., 
the time at which the separation was effected. This 
can be taken as the time at which the solution was 
just completely evaporated. This extrapolated value 
is then compared with the original UX, activity, which 
is the value given by the UX,/UX. source when the 
soft beta rays of UX, are screened out with aluminum 
foil. 

The experiment can be used to illustrate some funda- 
mental points of radiochemical technique, including the 
analysis of mixtures of activities by the resolution of 
absorber curves and decay curves, and it serves as a 
good introduction to a discussion of decay rates and 
secular equilibrium in radioactive chains of decay. 


e A VERSATILE GAS-ABSORPTION APPARATUS 


ROBERT R. RUSSELL 
Missouri School of Mines and Metallurgy, Rolla, Missouri 


To Aspirator ‘From System 
B C 
& 


Gas-Absorption Apparatus 


gaseous reagent. In all of these applications aqueous 
caustic solution worked very nicely as the absorbing 
liquid. If very large quantities of gas were absorbed so 
that heat became an item, the tower A was replaced by 
a larger container, placed in a trough, and water run 
over the exterior at a rate sufficient to remove the excess 
heat. 
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* AN HISTORICAL APPROACH TO THE 
TEACHING OF SCIENCE’ 


Tar there is ample room for improvement in public 
understanding of science is only too painfully apparent 
in a country that spends more on its astrology than on 
its astronomy. Many of us have been pleased to see 
science finally beginning to play some role in the shaping 
of national policy, but there has been a tendency to 
overlook the almost inevitable corollary—that na- 
tional policy will play an increasingly important role in 
shaping the course of science. We have been distressed 
to see, in other countries, the tragic results of a public 
policy that is hostile to, or at least suspicious of, science 
and the scientist. We cannot blithely assume that 
science in this country is entirely free from such dangers, 
some manifestations of which can, indeed, be seen al- 
ready. The biological sciences have already felt the 
sting of public disapprobation: the teaching of evolu- 
tion has been hampered by legal restrictions in some 
states and, owing to the machinations of antivivisec- 
tionists, many medical research institutions lack an 
adequate supply of experimental animals. Presum- 
ably social pressures have become active in the biolog- 
ical domain somewhat earlier because the issues in- 
volved seem more immediate and because everyone 
assumes that he knows something about them. But 
there is now no lack of immediacy in the issues asso- 
ciated with modern physics and chemistry in particular, 
and with modern science in general; and with every 
man his own expert on “atomic energy,’’ the interven- 
tion of public opinion and public policy in “purely 
scientific’ matters is already a reality. Something 
must be done to ensure that this intervention will not be 
a destructively painful reality. 

The public’s misunderstanding of, and occasionally 
positive antipathy towards, science and scientists is a 
bitter reflection on the methods by which we have pre- 
viously attempted to teach science. There is every 
reason to consider the possibility that some nontradi- 
tional approach to this problem may prove superior to 
the methods that have been our reliance in the past. 
Some aspects of a particular approach to this problem, 
worked out in a general education course at Harvard 
College, will be discussed. The over-all philosophy of 
this course is that expressed in J. B. Conant’s “On 
Understanding Science,” and involves the presentation 
of science as an intensely human endeavor that displays 
fairly clearly distinguishable and strongly persistent 
elements—elements dealing with the dynamics of its 
progress, its various bases, its capabilities and limita- 
tions, its relations with technology, economics and 


1 Presented at the 118th meeting of the American Chemical 
Society, Chicago, Illinois, September, 1950. 


LEONARD K. NASH 
Harvard University, Cambridge, Massachusetts 


philosophy, and its influence on, and the way it js 
influenced by, social movements and pressures. Quy 
pedagogic strategy is based on an attempt to steer g 
middle course between two extremes that seem almost 
equally unsatisfactory: 

(1) We do not teach purely for their own sake the facts 
and theories of science, which are all too soon forgotten 
by the nonconcentrating student. We try not to con 
fuse the character of science with the content of science, 
We do not suppose that the teaching of, say, the various 
oxyacids of sulfur presents any royal road towards the 
understanding of science. We teach the facts and 
theories only in so far as they are helpful in reaching 
some understanding of science. 

(2) We do not attempt to abstract those persistent as- 
pects that we believe we see in the scientific enterprix 
from the attendant raw material of fact and fancy that 
forms their context. We do not see great value in the 
fabrication (in a double sense) and inculcation of a 
relatively abstract “scientific method” in a pat, cap- 
sulated form. Indeed, such a presentation tends to 
encourage rather than discourage confusion of genuine 
scientific investigation with work like Velekovsky’s 
which has all the outward trappings but little of the 
content of a serious scientific inquiry. 

Perhaps we can liken the condition of a well-developed 
contemporary science, like chemistry, to one of thos 
ingenious puzzles by which we are challenged to dis 
mantle a body that is presented in the form of a smooth 
and apparently unbroken sphere. Courses primarily 
intended for concentrators are quite often confined tos 
minute description and analysis of the various surface 
features of the contemporary science, and the inter 
relationships of these surficial (contemporary) facts 
and theories. This knowledge is unquestionably valv- 
able to the concentrating student, but it is much to be 
doubted that the nonconcentrator can secure from such 
considerations any real understanding of the internal 
structure and almost organic development of science. 
A second alternative which, for lack of a better term, 
we may designate as the philosophical approach devotes 
little attention to the surface features of the conten- 
porary science and directs its main effort to the descrip 
tion of a quite ad hoc idea of what the internal structure 
of the body of science ought to be like. A third poss: 
bility, which seems to correspond to our own approad) 
to the puzzle, is perhaps best described as a partial 
dismantling of the whole structure, followed by a mos 
painstaking examination of the surface and solid form* 
tion of a number of representative pieces and a consid 
eration of the relations that exist among these frag 
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ments. Wemake no attempt to “cover” the whole field 
of the science (the very word “cover” suggests the 
superficial treatment which is all too often involved in 
“survey” courses), but we do try to present an intensive 
treatment of a number of illustrative instances that 
seem to us to be significant and helpful in gaining some 
appreciation of the character of the scientific enterprise. 
We examine the content of science in part, with the goal 
of revealing something about the methods of science; 
we study the methods of science, but only in the context 
of the facts and theories with which they are asso- 


ciated. 

In selecting the fragments or “blocks” to be studied 
we do not seek out those that form a maximum part of 
the outer surface of our sphere of science. They would 
involve a time-consuming presentation of a great deal 
of factual and theoretical material that is not of value 
in and of itself. Instead, we focus attention on frag- 
ments that—though they may not contribute much 
directly to the total surface of the contemporary sci- 
ence—form particularly important and readily under- 
standable parts of the underlying organic structure 
of that science. In short, we stress a number of key 
historical episodes in science, developments that can be 
understood fairly easily without a great background 
of fact and theory, yet developments that have played 
a most important part in the elaboration of the total 
structure of science. If, as it seems to us, it is justi- 
fiable to suppose that there are a number of features 
that have characterized “‘modern”’ scientific endeavor, 
from the time of Galileo to the present, then there 
should be no objection to the consideration of these con- 
tinuing elements in the simpler, if more remote chrono- 
logically, contexts. 

To date science teaching has largely neglected, over- 
simplified, or willfully misread the rich legacy of scien- 
tific history. The “scientific method” that is so fre- 
quently mentioned appears, for the most part, to be a 
free intellectual creation that bears but a shadowy 
relation to the ways in which science has actually 
progressed. As usually considered, the “scientific 
method” is compounded primarily of a number of 
almost purely deductive and technique operations of 
science. Important as these are, they cannot be left to 
stand by themselves. Surely some attempts must be 
made to point out the enormous, essentially intuitive, 
inductive leaps that have marked scientific progress. 
Surely some attention must be devoted to the usually 
neglected but really challenging aspects of scientific 
endeavor—such as the “simple’’ matters of recognizing 
what the problem is; of learning what to measure, how 
to measure it, and what to do with the measurements; 
of devising reasonable hypotheses and convincing 
experimental tests for their examination, etc., etc. 
To the extent that these matters are slighted a dis- 
torted picture of science will inevitably be produced, 
for these matters are the very bone and body of science. 
The neglect of scientific history has resulted in the 
neglect of material that is genuinely important to an 
understanding of science, and the misreading of history 
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has fostered ideas about science that are sterile at best 
and misleading at worst. A few examples will illustrate 
this point. 

Everyone is familiar with the account of Galileo’s 
public demonstration, at the tower of Pisa, that objects 
of different weight fall at the same speed. Pedagogi- 
cally this story appears to be of great value: it suggests 
the so-called “crucial” experiment. It suggests that 
Aristotelian physics was overthrown and modern 
physics created, in one fell swoop, as soon as man turned 
from “idle speculation” to “dispassionate observation.” 
It is, indeed, a charming story and contains but one 
slight flaw: as far as we can discover, it never hap- 
pened. Even more embarrasing, it appears that Galileo 
in no sense disparaged the power of speculative reason- 
ing and that he had rather less regard for experimental 
demonstration than had some of his foremost Aristote- 
lian opponents. The whole story, and the conclusions 
that have been drawn from it, are entirely illusory. 


DEVELOPMENT OF OXYGEN THEORY 


Fables of this sort are no less prevalent in chemistry 
than in physics. For example, consider the explana- 
tions usually given of Lavoisier’s success in developing 
an oxygen theory of combustion. Some say that 
Lavoisier was simply the first to hit upon the idea that 
the atmosphere was involved in combustion. More 
popular is the notion that Lavoisier was the first to use 
the analytical balance, and hence the first to secure the 
accurate weight data (specifically, the weight gain on 
calcination of metals) required for the foundation of an 
oxygen theory. Thus it is suggested that Lavoisier 
hit upon the right idea and/or that he secured some 
vital, brand new data and then—all at once—the oxygen 
theory sprang full-grown as Athena from the head of 
Zeus. There is, indeed, some relation in the fabulous 
character of both of these stories. Misapprehension 
of the real history of the oxygen theory is so widespread, 
and the real history is so exciting and revealing, that it 
may be worth while to examine the situation a bit more 
carefully. 

Lavoisier was by no means the first to apply the 
analytical balance to chemical studies. Accurate 
weight data on chemical reactions had been obtained 
more than a century before his time. Furthermore, 
Lavoisier was not the first to note the weight gain 
accompanying the calcination of metals. A qualitative 
appreciation of this effect had, indeed, been secured 
about a millennium earlier; and some quantitative 
measurements of the increases in weight characterizing 
the calcination of a variety of metals had been avail- 
able for more than a century before Lavoisier’s work. 
These data were known to Lavoisier’s predecessors and 
contemporaries; and though Lavoisier extended them, 
they were in no sense his discovery. 

The weight changes occurring during calcination were 
not the only data with an important bearing on the 
oxygen theory that were available before the last 
quarter of the eighteenth century. For example, it had 
been known for some one and one-half millenniums 
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that combustion in a water-sealed container was fol- 
lowed by a rise of the sealing fluid—indicating, perhaps, 
a “consumption” of part of the air originally present. 
The very large volume contraction following the com- 
bustion of phosphorus under these circumstances had 
been remarked by Stephen Hales, early in the eight- 
eenth century. It was further recognized that, with 
the exception of a few special instances, combustion 
and calcination could not long proceed in a limited 
volume of air, and that they were completely arrested 
when the materials involved were placed in vacuum. 
The exceptions were materials (like gunpowder) that 
were composed of a combustible and niter. In the 
latter part of the seventeenth century the study of 
these special cases led Boyle, Hooke, and Mayow to the 
further observation that substances burned brilliantly 
on fused niter, even in the absence of air; and, in several 
instances, the products of combustion on niter were 
shown to be essentially identical with those produced by 
the analogous combustion in air. It was also known 
that on heating niter a volatile spirit was formed; 
but, although oxygen was prepared by this method al- 
most a century before the time of Lavoisier’s work, 
nobody thought to examine this volatile spirit’s par- 
ticular properties. There were many other suggestive 
observations with great relevance to the oxygen theory, 
yet somehow all these “facts” counted for nought for 
more than a century. This situation is markedly 
different from the idea of science that is all too often 
encouraged by conventional science teaching: an idea 
of “collect the facts and let the theories take care of 
themselves.” The facts, a great many of them, had 
been collected years before Lavoisier’s time, yet there 
was no orthogenetic production of an oxygen theory. 
Can this failure be explained by saying that it was 
simply a case in which nobody before Lavoisier came 
anywhere near the right track? Might it not be, for 
example, a case in which it had not even been recognized 
that a problem existed? Neither of these suggestions 
can be defended. The phenomena noted above excited 
very widespread attention, and almost a century before 
Lavoisier’s work his countryman Lemery particularly 
remarked on the singularity of the weight gain accom- 
panying calcination, saying: 

In the calcination of lead and of several other substances there 
occurs an effect which well deserves that some attention should 
be payed to it. Although by the action of the fire the sul- 
phureous or volatile parts of the lead are dissipated, which should 


make it decrease in weight, nevertheless after long calcination it 
is found that instead of weighing less than it did, it weighs more. 


Not only was there interest in the effect, there were 
some reasonably close approaches to what is now con- 
sidered to be the right explanation. Thus, almost a 
century and a half before Lavoisier’s work, Jean Rey 
suggested that the gain of weight in calcination was due 
to a fixation in the calxes of some part of the air. The 
intervention of the air in combustion and calcination 
was also suggested by the observation of the apparent 
contraction of volume that accompanied these processes 
when they were conducted in water-sealed vessels. 


JOURNAL OF CHEMICAL EDUCATION 


Commenting on this point, Fludd, one of the later 
English alchemists, remarked: 


Water enters the flask in proportion as the air is consumed . ,, 
for air nourishes fire, and in nourishing is consumed. 


This statement dates from the early seventeenth 
century. But even in the fifteenth century it had been 
remarked by Leonardo that: 


The element fire consumes continuously the air as concerns 
that portion which nourishes it, and there would be formed 
a vacuum if other air did not come to supply its place. 


Late in the seventeenth century this conclusion was 
further strengthened by Hooke’s studies of the structure 
of the candle flame. At the same time, having observed 
that the glow of phosphorus was soon extinguished in g 
sealed tube, Boyle said: 


The air has some vital substance preyed upon or else tamed 
by the fumes of phosphorus. 


Certainly it cannot be denied that the intervention of 
the atmosphere in combustion and calcination had been 
fairly clearly suggested. Through the labor of John 
Mayow, who died about a century before Lavoisier’s 
work, this general perception was made the basis of an 
elaborate theory. Mayow supposed that the atmos- 
phere contained certain nitro-aerial particles (so named 
because the same particles were supposed to be present 
in niter) which were involved in combustion, calcina- 
tion, respiration, and so forth. Since the same par- 
ticles were supposed to be present both in air and in 
niter, the identity of the products of combustion in air 
and on niter was easily understood. It also became 
possible to explain why niter was able to replace air asa 
supporting agent in combustion and calcination. Fur- 
thermore, since the nitro-aerial particles were supposed 
to be consumed in these reactions, it was plain why they 
would proceed only to a limited extent in a limited 
supply of air, and not at all in a vacuum. Yet again, 
since it was assumed that the nitro-aerial particles 
were associated with but one part of the air, there was 
no difficulty in comprehending why combustion was 
extinguished before all the available air was consumed. 
Finally, having devised a thoroughly elegant and orig- 
inal experiment by which the reaction of air with nitric 
oxide, in the presence of water, could be followed, 
Mayow showed that about one-quarter of the air was 
different from the other three-quarters. The propor 
tion is the same as that first stated by Lavoisier. 

Mayow was sometimes rather muddled in his think- 
ing, and he certainly overextended his doctrine. Never 
theless, it would be a flat contradiction of history to say 
either that Lavoisier was the first to secure the experi- 
mental data necessary for the foundation of an oxygel 
theory, or that he was the first to conceive of the ides 
that forms the basis of that theory. However, if we 
disallow these overly facile explanations of why 
Lavoisier was so strikingly successful where his pred- 
ecessors had failed to impress, we face the problem of 
providing a superior explanation. This explanation is 
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perforce somewhat more complicated, but it is an 
infinitely more exciting story than that usually given, 
and one which appears to have very great relevance to 
any study of the nature of the scientific enterprise. 

What of the contention that the headlong progress of 
modern science is a very different thing from the falter- 
ing steps made by a primitive science, so that a study of 
the latter throws comparatively little light on the 
former? It seems that this point is, to say the least, 
arguable. We have observed that after many of the 
basic facts and ideas became available there was about 
a century’s delay in the fruitful development of the 
oxygen theory. Is there any essential difference be- 
tween this hundred-year delay and the approximately 
five-year delay in the recognition of nuclear fission as 
something distinct from the creation of transuranic 
elements? Considering the enormous weight of the 
experimental resources brought to the study. of the 
neutron bombardment of uranium, the five-year con- 
fusion in the modern case seems, if anything, more 
striking than the century of confusion in the older case. 
Furthermore, a detailed study of the primary publica- 
tions relating to both issues provides strong indications 
that the intrinsic character of the retarding influences 
in the two instances was not essentially dissimilar. 
Plainly an understanding of the factors that delay or 
promote the progress of science is of the utmost im- 
portance to today’s intelligent citizen; and, conversely, 
the citizen’s understanding is of great importance to the 
contemporary scientist. Consequently, it is our opin- 
ion that a detailed consideration of the dynamics of a 
typical, even if historically remote, scientific advance is 
very well worth the considerable expenditure of time 
that it entails. 


REASONS FOR DELAY 


The present discussion can provide no more than a 
brief sketch of some of the more important factors 
involved in the delay in the development of the oxygen 
theory. Certainly Lavoisier’s work was accomplished 
in the light shed by Black’s classic study of the com- 
position of carbon dioxide, which did not appear until 
1756. However, it appears that there were other more 
subtle yet more important reasons for the failure of all 
earlier attempts to create and popularize an oxygen 
theory of combustion and calcination. 

First, it should be noted that to win acceptance a 
novel theory must be found generally consistent with 
the prevailing climate of opinion—particularly but not 
exclusively, scientific opinion. A century before La- 
voisier’s work an oxygen theory could not meet this test 
of consistency. For example, air was still regarded as 
element, so that the idea of a composite atmosphere 
Was repugnant. But if air is to be regarded as a one- 
component system, then it becomes very difficult to 
explain, on an oxygen theory, why it is that a flame 
expires before all the air available to it is exhausted. 
The upholders of the phlogiston theory met no difficulty 
here—it was simply supposed that the flame expired 
When the air became saturated with the phlogistic 
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exhalation(s) of the burning substance. And, indeed, 
the appearance of a rising candle flame, seeming to tug 
at the wick, strongly suggests that something is leaving 
the burning body. Then too, there was another pre- 
vailing belief that earths (7. e., metallic oxides) must be 
elementary bodies. Surely the bodies that occur 
naturally have the best claim to consideration as ele- 
ments. Furthermore, this idea was in accord with the 
observations of the working metallurgist that some- 
thing (e. g., charcoal) had to be added to the earths 
in order to convert them to metals. The rather 
striking similarities in the properties of the various 
metals were then easily understood since, on this basis, 
they would all contain a common substance (phlogiston) 
obtained from the charcoal. This scheme was also 
nicely consistent with the observation that when earths 
were heated with charcoal, practically all of the latter 
disappeared. Let us suppose that charcoal consists 
mainly of phlogiston which is combined with a little ashy 
material: then, as the phlogiston passes into the 
metallic calx, the latter is converted to the correspond- 
ing metal while the residue of the charcoal would only 
consist of a little ashy material. Here, then, the phlo- 
giston theory appeared to be on very sound ground, 
while the fundamental idea of an oxygen theory—taking 
metals to be simple bodies and the corresponding earths 
as compound substances—was consistent neither with 
the obvious “facts” nor with prevailing scientific opin- 
ions. 

To be sure, in its explanation of the weight gain 
accompanying the calcination of metals, the oxygen 
theory enjoyed a relatively advantageous position. 
However, the phlogiston theory was far from bankrupt 
in this particular respect. It was suggested that phlo- 
giston might have a negative weight, so that as it was 
lost from a metal, in the conversion of the latter to a 
calx, there would be a net increase in the weight of the 
system. A related notion equated the loss of phlogiston 
(the metallizing principle) with the loss of a metal’s 
“soul,” leaving a metallic cadaver (a calx)—and it had 
long been supposed that a cadaver (a “dead weight’’) 
was heavier than the corresponding living body. Yet 
another possibility was that during the heating, by 
which the phlogiston was expelled from the metal, 
ponderable igneous particles from the fire lodged in the 
calx. It should be noted that this idea of a ponderable 
matter of heat was not unfavorably regarded by Lavoi- 
sier himself. 

Although we say today that the observation of the 
weight gain in calcination was the “crucial experiment” 
by which the phlogiston theory was overthrown, history 
does not record that this experiment made any such 
dramatic impression on contemporary observers. The 
phlogiston theory remained much more generally at- 
tractive than the oxygen theory. It may be objected 
that in a more sophisticated scientific world these 
weight data would serve as a crucial indication. It 


may further be objected that the whole postulation of an 
almost purely spiritual subtle fluid, like phlogiston, is 
the mark of an outmoded style of scientific reasoning. 
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But is the era of the apparent triumph of a theory based 
on an all-pervasive luminiferous ether beyond the 
memory of living man? And was the theory dropped as 
soon as Michelson and Morley performed their ‘‘crucial 
experiment?” Apparently not. And was the neutrino 
anything more than a subtle matter postulated in a 
last-ditch attempt to save the mutual consistency of 
experimental data and the conservation laws to which 
we cling with such tenacity? If the neutrino should 
ultimately prove illusory, if the conservation laws 
should prove false, and if the teaching of science remains 
much as it is today—then no doubt our children’s 
children will be taught that the discovery of continuous 
beta-ray spectra was, or would have been, a “crucial 
experiment,” save for our stupidity in postulating any- 
thing as “obviously ridiculous” as a neutrino. Of 
course, we feel brilliant rather than stupid; but it 
seems evident that we are hardly in a position to 
deprecate the phlogiston theory as an “obviously 
ridiculous” notion, particularly while some of our 
most sophisticated physicists are seriously engaged in 
the discussion of the polarization of the vacuum— 
certainly a subtle fluid that must represent the ultimate 
in subtlety. 

For the reasons noted above, and for many other 
reasons of equal cogency, the phlogisten theory was 
generally regarded as much more attractive than any 
oxygen-type theory. Some more or less direct experi- 
mental evidence pointing in the same direction was also 
available. Having observed the similarity between 
combustion in air and on fused niter, Boyle thought to 
recrystallize niter in vacuo, to remove its supposed aerial 
component. In this endeavor he was, naturally 
enough, unsuccessful, and the supposition that a com- 
mon material occurred in both air and niter was made 
somewhat less obviously attractive. Of course, the 
experiment rested on a confusion of a physical mixture 
with a chemical compound; but, qualitatively, the 
misconception involved is not far removed from that 
which lay at the root of the recently prevalent delusion 
that the alkaline earth element formed by bombarding 
uranium with neutrons was radium rather than barium. 

Another of Boyle’s experiments had an even more 
unfortunate outcome. Having noted the increase in 
the weight of tin calcined in the open air, he attempted 
to conduct this calcination in a sealed vessel containing 
a limited amount of air. The retort burst forthwith, 
and Boyle perceived that a somewhat more elaborate 
procedure would be required. He then weighed the tin 
and retort together, before sealing the latter. Follow- 
ing this, the retort was heated to the maximum working 
temperature, and only then was it sealed. The heating 
was continued for some time, during which a small 
amount of tin calx was formed, after which the retort 
was cooled, opened and reweighed. A slight gain in 
weight was then noted. To be sure, on opening the 
vessel Boyle noted an inrush of air, but this he regarded 
as due simply to the replacement of the air that had 
been expelled during the preliminary heating, before the 
retort was sealed. Thus he was led to the conclusion 
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that when tin was calcined in a sealed vessel, with, 
limited supply of air, the entire system experienced , 
gain of weight. He understood this as being due to the 
passage of ponderable igneous particles, from the fire 
through the glass, and into the calx. This notion wa 
nicely consistent with one of the explanations subg. 
quently given by the phlogiston theory for the weight 
gain on calcination, and Boyle’s work produced , 
corresponding weakening of one of the strongest argu. 
ments for an oxygen theory. A few years after the 
publication of. this investigation, Cherubin d’Orleans 
pointed out the inadequacy of Boyle’s demonstration, 
but most of the workers of the period accepted this 
demonstration at its face value. 


A MODERN CONFUSION 


Can one maintain that such an obvious misconstrual 
of experimental data could hardly occur except during 
the most primitive stages in the development of 
science? A rather analogous instance occurred but a 
few years ago in the sophisticated field of astrophysics, 
The age of weakly radioactive materials can be deter- 
mined from a measurement of the ratio between their 
helium content and their content of radioactive mate 
rials. On applying this method to a great many 
meteoritic and terrestrial specimens it was found that 
the maximum indicated age of meteoritic siderites was 
more than twice as great as that of any terrestrial 
material that had been examined. It appeared that 
the nature of the method was such that its most serious 
vulnerability to error (arising from a partial leakage and 
loss of accumulated helium from the specimen) would 
tend to produce too low apparent ages. Conse 
quently, it seemed that if meteorites and the earth 
had been formed at the same time, the meteoritic age 
must be regarded as the more reliable estimate of the 
intervening period. There was a good deal of futile 
theoretical and experimental work on the discrepancy 
in ages, and some rather far-fetched possibilities were 
very seriously entertained. Yet, consider that during 
most of the period of confusion it was known that: 
(a) the meteorites would have had a particularly 
intense exposure to cosmic rays—an exposure much 
more extensive than that suffered in an equivalent 
period by terrestrial minerals, and (b) cosmic ray bom- 
bardment produces nuclear transformations in which 
alpha particles may be among the products formed. 
It is only about five years since these strong indications 
of a fruitful rationalization of the experimental data 
were recognized as tending toward the conclusion that 
there was no real inconsistency between the apparent 
ages of meteoritic and terrestrial materials. Instead of 
focussing attention on the possibility that the apparent 
ages of terrestrial minerals were too low, some considera- 
tion was finally given to the possibility that the appar- 
ent ages of meteorites might be too high. And, indeed, 
on determining the helium content at various depths ina 
large siderite, it was found that the helium concentra- 
tion gradient was in a negative sense when proceeding 
from the exterior to the interior of the specimen. This 
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jent is the reverse of that which would be expected 
to result from a leakage of helium from the specimen, 
ut it is precisely that to be anticipated if a substantial 
proportion of the helium was produced by cosmic ray 
jmadiation, rather than by radioactive decay processes. 
Thus a long-standing inconsistency was finally resolved, 
but only after very strong indications of the successful 
rationalization had lain fallow for a number of years. 
Are we in any position to say that Boyle and his con- 
temporaries were stupid in missing an ‘“obvious’’ ex- 
planation of one of the anomalies that confronted them? 


FACTS VERSUS BELIEF 


A very few of the points in our analysis of the long 
delay in the creation of the oxygen theory of combustion 
are suggested above. It seems plain to us that some of 
the factors which promoted that delay are closely 
related to influences that are still active in retarding 
modern scientific progress. Consequently, it appears 
that the consideration of some of these factors should 
be an integral part of any course in science for the non- 
scientist. We feel that it should be emphasized that 
the mere accumulation of facts does not constitute or 
guarantee a scientific advance. A given array of data 
can be variously weighted, evaluated, and interpreted, 
according to various theories. The ultimate choice of 
the most acceptable theory is an essentially aesthetic 
one that inevitably rests on a number of subjective 
judgments peculiar to the given scientific and social 
milieu. Experiments seldom, if ever, supply unequiv- 
ocal answers, and the appraisal of the actual answers 
is subject to all the uncertainties and hazards of any 
purely human undertaking. Little attention was paid 
to Mayow’s early and imperfect anticipation of Lavoi- 
sier’s theory: an oxygen theory was then, by its very 
nature, conceptually unattractive—yet it might have 
been supported by fairly dramatic experiments. In our 
own day Ida Noddack’s suggestion, in 1934, that the 
results secured by Fermi in the neutron bombardment 
of uranium could be explained as well (or better) on the 
hypothesis of nuclear fission as on the hypothesis of the 
formation of transuranic elements was almost com- 
pletely ignored for five years. It then transpired that 
there were very simple and striking experiments by 
which fission could easily be demonstrated, but pre- 
viously the whole notion had seemed so essentially 
implausible that it had not seemed worth while to make 
even a slight effort toward supporting it. 

We believe that in calling attention to the difficulties, 
delays, and failures of science, as well as to its triumphs, 
We present a truer, better-rounded, and much more 
weful picture of it as it was in the beginning and as it is 
today. Most of this paper has dealt specifically with 
the growth of the oxygen theory of combustion, but 
many other cases present opportunities for similar 
analysis. One of the most notable examples of such a 


tase is the development of the atomic theory. The 
‘count most frequently given suggests that Dalton 
amived at his theory as a logical deduction from the 
existence of the laws of definite, multiple, and reciprocal 
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proportions; that Avogadro used Gay-Lussac’s “ob- 
viously important’’ combining volume data as the basis 
for an extension of the theory, and that from that time 
to this the theory has been triumphant. Yet the whole 
story, as so outlined, is little more than a tissue of 
fabrication. 

Dalton’s theory was formulated at a time when the 
law of definite proportions had come under serious fire, 
when the law of multiple proportions was as yet entirely 
undiscovered, and when the law of reciprocal propor- 
tions was almost certainly unknown to Dalton. Far 
from being a reasonable deduction from these laws, 
Dalton’s theory was derived by a wild and almost com- 
pletely erroneous line of argument based on physical 
phenomena that were largely irrelevant to a chemical 
atomic theory. Furthermore, Gay-Lussac’s work was 
so little “obviously important’? that Dalton flatly 
denied it. And Avogadro’s Hypothesis was so little 
impressive that it was almost completely ignored for 
close to fifty years, until it was resurrected by Canniz- 
zaro in 1858. Even more interesting, perhaps, is the 
fact that a little after 1840 there was a considerable 
body of scientific opinion to the effect that there were so 
many contradictions apparently involved in the atomic 
theory that it might be no more than a sterile specula- 
tion; and, among others, as acute a thinker as Ostwald 
maintained a skeptical attitude toward the atomic 
theory right down into the twentieth century. 

Surely the reasons for these delays, for this skepti- 
cism, are an integral part of any satisfactory examina- 
tion of the character and significance of the atomic 
theory. But the development of the atomic theory, as 
it is usually presented, is not an account of scientific 
progress as it was and is, but an indoctrination in the 
scientific prejudices and preconceptions of the instruc- 
tor and the authors of the textbooks that he uses. No 
doubt such a presentation has very real values, but the 
course in which it is included should be called, honestly, 
“Natural Prejudices 1” rather than “Natural Sciences 
1.” To be sure, it is easier to construct an arbitrary 
imaginary account of a scientific development, that 
will well illustrate the points that are to be stressed, 
than it is to dig into the raw material of scientific 
history, to disentangle the shifting threads of fact and 
fancy that made that history what it was. However, 
a start in the historical research has already been made, 
for example in the new series of Harvard Case Histories 
in the Experimental Sciences which, if it is supported, 
will undoubtedly be extended to cover a larger part 
of our great heritage of scientific history. The history 
of chemistry, in particular, presents an almost in- 
exhaustible series of profoundly interesting and im- 
portant developments—developments associated with 
the names of Berzelius, Kekule, Mendeleev, and 
Arrhenius, to mention but a few. To date this his- 
torical material has been largely ignored, yet it appears 
that one of the brightest hopes for successful teaching 
of science in general (and chemistry in particular) to 
nonmajor students lies in at least a modest exploitation 
of this rich source of pedagogically valuable material. 
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e PAPER CHROMATOGRAPHIC IDENTIFICATION 


OF THE AMINO A 


Curomatocrapuic procedures as research tools for the 
separation and identification of heretofore difficultly 
distinguishable substances have advanced considerably 
in recent years. The facility and simplicity of many of 
these suggested their incorporation into modern student 
teaching.! Whereas such student experiments in- 
volve identification of synthetic mixtures, it is possible 
at the expense of some additional effort to obtain more 
rewarding results with natural products and convey to 
the student simultaneously the satisfaction of dupli- 
cating in part the original researches. A technique 
involving the extraction of the tripeptide glutathione 
from baker’s yeast and paper chromatographic identi- 
fication of the constituent amino acids has been con- 
vincingly demonstrated in this laboratory by medical 
students working on a project basis for ten laboratory 
hours. The apparatus required is reasonably simple 
and the procedure straightforward. 

Essentially, the procedure is conveniently divided 
into three parts: A concentrated extract of glutathione 
is made by precipitation of the copper salt? and de- 
composition with H.S; the extract is hydrolyzed by 
heating with dilute HCl; and chromatographic identi- 
fication of the three amino acids in the mixture is ef- 
fected. Several simplifying modifications have been 
made in the original method for the isolation of gluta- 
thione with consistently reliable results. 


EXPERIMENTAL PROCEDURE 


Twenty ml. of concentrated H.SO, is slowly added 
to 100 ml. of 95 per cent ethanol with cooling under 
running tap water. To the cooled solution 80 ml. of 
ethyl ether is added, and this solution is poured over 
1000 gm. (or 2 lb.) of baker’s yeast in a 2-liter beaker. 
After a minute of stirring the cold solution is filtered 
through coarse filter paper on a battery of three grav- 
filters arranged in the refrigerator with the funnel stems 
passing through the grated openings in the shelves into 
Erlenmeyer flasks sitting on the shelf below. (As 
alternatives, the solution may be centrifuged, or filtered 
with aspiration—the latter being the most tedious and 
difficult.) In this laboratory it was found convenient 


1 Gace, T. C., C. D. Dovuatas, S. H. Wenper, J. Cuem. 
Epuc., 27, 159 (1950). 

2 Hawk, P. B., B. L. Oser, anp W. H. Summerson, “Practical 
Physiological Chemistry,” 12th ed., The Blakiston Company, 
Philadelphia, 1948, pp. 283-4. 
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CIDS OF GLUTATHIONE 


An Experiment in Biochemistry 
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to allow the filtration to proceed overnight. The 
combined acid filtrates are adjusted to 0.5 N by first 
neutralizing to Congo red paper with 10 per cent NaOH 
and then adding the required amount of concentrated 
H.SO,. (This is accomplished by rough titration with 
the base, using a piece of Congo red paper swirled in. 
side the flask to a color change from blue to red. The 
volume of concentrated H.SO, required to make the 
solution 0.5 N is found from the formula: x = 0.01365y, 
where zx is the amount of acid to be added; and yis 
the volume of the “near” neutral filtrate.) A sus 
pension of freshly prepared cuprous oxide (about | 
gm./10 ml. of H,O) is stirred carefully in 2-ml. portions 
into the extract at 50° on a water bath, care being 
taken to avoid an excess. The color of the oxide fade 
as it is added to the solution as in a volumetric titration; 
hence, an excess may be regarded as the first permanent 
pink coloration acquired by the solution. (Cuprous 
oxide is freshly prepared for this purpose by the slow 
addition of glucose to Fehling’s solution followed with 
washing of the precipitate by decantation.) Gray 
cuprous glutathionate flocculates and settles out (li 
to 20 minutes). A small excess of the oxide has not 
been found to cause re-solution of the precipitate and 
often stratifies above it. The amorphous precipitate 
is collected by centrifugation, washed with 0.5 N 
H.SO, to remove excess CusO, and washed with dis 
tilled water until free from sulfate (about five washings 
are necessary). The precipitate is suspended in five 
times its bulk of distilled water (about 5 ml.) and de 
composed with H.S which has been washed with a re 
versed wash bottle. The precipitated Cu.S is removed 
by centrifugation or filtration, and the supernate cor 
taining the glutathione freed from residual H.S by 
warming the tube, or better by the passage of a slow 
stream of nitrogen for about five minutes. 

In order to identify the amino acids composing the 
tripeptide, the glutathione in solution is first hydrolyze 
by refluxing gently for about an hour with 10 per cent 
HCI (1 ml. per 5 ml. filtrate). This is simply accom- 
plished by using a test tube with a long piece (18 in.) of 
glass tubing as an air condenser (under the hood). 
Considerable HCl may be lost and the hydrolysis re 
tarded if the solution is allowed to boil briskly. HC 
has been found to be the most effective acid for hy- 
drolysis because the resultant amino acids are best 
identified chromatographically as the hydrochlorides. 
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Excellent details and clear drawings have been given 
for student participation in paper-partition chromatog- 
raphy of simple mixtures of amino acids by Gage, 
Douglas, and Wender.* The essence of their procedure 
isthe same as that used in the present report, and either 
may be used. The method used is that of Consden, 
Gordon, and Martin,‘ as modified by Williams and 
Kirby.” 

The correct dilution of the hydrolyzate for chromatog- 
raphy is found by placing on filter paper a few spots of 
different dilutions (1:10, 1:1000, and 1 : 1,000,000), 
quick drying in the oven at 80°, and spraying with 
ninhydrin, followed by another quick drying. From 
these, the spots of maximum intensity and hence the 
optimum dilution for the chromatograms is obtained. 
A penciled line is ruled on a sheet of filter paper (What- 
man No. 1, 8'/2 X 11 in.) one inch from the edge and 
parallel to the long dimension. With fine-tipped 
medicine droppers solutions are spotted (about 1 cm. 
diameter) every 2 in. along the line. Solutions of 1 
per cent glycine, glutamic acid, and an equi-volume mix- 
ture of the two are used as knowns (very few ml. of 
these are needed), as well as the solution of the gluta- 
thione hydrolyzate in the predetermined dilution. The 
paper is then rolled into a cylinder and stapled at each 
end. This is allowed to stand in a glass cylinder (9 
in. tall and approximately 6 in. in diameter) the bottom 
of which contains about 50 ml. of phenol saturated with 
water. In order to insure saturation of the atmosphere, 
asmall beaker containing water saturated with phenol 
is placed inside the paper cylinder. A large watch 
glass is used to cover the apparatus. The liquid front 
is allowed to climb for about 8 to 10 hours or sufficient 
time for a climb of approximately 8 in. The cylinder 
of paper is then opened and carefully dried at 80° for 
just sufficient time to effect drying without charring 
(about 10 minutes). Best results are achieved when 
this step is carefully supervised and the paper removed 
from the oven when it is just dry. A 0.1 per cent solu- 
tion of ninhydrin (triketohydrindene sulfate in n- 
butyl alcohol) is then sprayed from an atomizer over 
the surface of the paper with care to saturate the paper 
evenly but to avoid excesses of liquid which could run 
on the surface and cause errors in interpreting the re- 


Op cit. 

4 ConspEN, R., A. H. Gorpon, ano A. J. P. Martin, Biochem. 
J., 38, 224-32 (1944). 

5 J., AND H. Kirpy, Science, 107, 481 (1948). 
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sultant spots. The moist paper is given a final drying 
at 80° for an additional 10 minutes or until the colored 
spots appear on the paper. The Rf values for the 
spots are found by measuring the distance from the 
starting line to the points of maximum density for the 
spots, and finding their fractions of the total distance 
which the solvent front has climbed, 7. e.: 


Cm. traveled by the amino acid 
Cm, traveled by the solvent 


Rf (rate of flow) = 


The use of two known solutions as standards, which are 
run simultaneously with the unknown solution, gives a 
convenient identification without taking the precautions 
usually necessary to duplicate the conditions required 
to get Rf values whigh agree with the literature. 
The spots derived from the unknown are compared with 
those of the known solutions (assuming that no other 
a-amino acids are present in the hydrolyzate). It has 
been possible to achieve consistently satisfactory re- 
sults with values of the usual order and correct mag- 
nitude for the three amino acids. 


Amino acid Rf (observed) 27°C. 
Glycine 0.57 
Glutamic acid 0.40 
Cystine 0.14 


The observed values are the average of three determi- 
nations which agreed within 4 per cent of one another, 
and for which a single student conducted the isolation 
and hydrolysis of the glutathione in two periods of four 
hours each. (A value for cystine instead of cysteine is 
presented on the assumption that the former is pro- 
duced under the conditions of the experiment, as is 
frequently observed with hydrolyzates of peptides and 
polypeptides.) 

Of eleven groups which have conducted the experi- 
ment, eight have been able to make positive identifica- 
tion of the amino acids present in the glutathione hy- 
drolyzate; whereas one group obtained faint spots 
which did not correlate well with their standards and 
the remaining two groups were able to obtain chro- 
matograms only with the synthetic mixture. Sources 
of trouble or failure were excessive drying of the chro- 
matograms in the oven, the failure to use freshly pre- 
pared Cu,O in the isolation step, and excessive handling 
of the chromatograms with resultant spots derived from 
impurities. However, it has been demonstrated that 
little beyond ordinary care will lead to fruitful and sat- 
isfying results. 


| 


* WHY STUDY CHEMISTRY? 


Tue students enrolled for a course in general chemis- 
try can and do ask themselves the question: ‘What 
real use is this course to me?” 

The answer for the student who intends to major in a 
science is obvious. His hope is to derive information 
to use as a tool in making a living. But there must be 
some justification for the presence in the course of the 
girls who major in home economics and the boys who 
major in english or commerce. 

There is an answer, beyond the fact that the course 
may be required, or will provide the student with a 
certain number of hours toward graduation. It has 
been my custom to provide some part of this answer 
in a lecture sometime during the first semester. Ex- 
perience has shown that the students are most interested 
in the discussion after about six or eight weeks of the 
course have passed. 

The period of the teens and early twenties is a crucial 
one in life. It is during this time that the student is 
approaching intellectual and emotional maturity and is 
physically in his prime. It is also at this time that he 
is striving to discover what meaning and purpose there 
may be in life; he is about to come to the conclusion 
that other people actually exist as important entities 
rather than adjuncts to his personal welfare; and it is 
now that with freshly opening eyes he seeks to put the 
world into an understandable perspective. At no 
other time than this is the mind so supple and so capable 
of amendment. 

If there is any real lack peculiar to the age it is the 
lack of all kinds of experience. Four years at college 
should provide the social and personal experiences to 
fill this gap. The first year at college may also be one 
of keen disillusionment, as the student discovers that 
the professors are not the gods who hold the final 
answers to all being and meaning in their august per- 
sons. 

The particular and important service that the chem- 
istry teacher can make is the contribution of facts to 
the building materials of personal philosophy. Cer- 
tainly the best and finest house requires the most ma- 
terials for its construction, and the most complete and 
satisfactory of personal philosophies must be housed 
in a framework of fact, however gaudily it may later be 
decorated with the furniture of speculation. 

This we can do: provide the student with some ideas 
concerning the structure of matter, the finiteness of the 
kinds of matter, and the changes matter can undergo. 
To this, it is hoped, may be added an appreciation for 
the orderliness of nature and the simple laws which 
govern the infinite proliferation of her works. One 
should be careful to present known facts as the facts of 


JESSE H. DAY 
Ohio University, Athens, Ohio 


experience and experiment, and stress the idea that the 
guiding light of theory must be confirmed by the bench 
of physical manipulation. 

Certainly the student who has had one year of chemis. 
try remembers virtually no detail after a few months, 
The things that stick will generally include some notion 
of atomic structure, and this information will be of some 
help to the individual in forming a rational philosophy 
and in understanding the very urgent implications of 
atomic power sources. But if this is to be all the stu- 
dent gains we may well be troubled. A good one 
semester course in the nature of matter might be more 
to the point than a year of chemistry. 

It is easy to attack any specific course as contributing 
little or nothing that the student will use after gradua- 
tion. However, the huge reality and meaning of ed- 
ucation lie precisely in that web of concepts and at- 
titudes which have no meaning without factual detail. 
It is of no importance that the scaffolding of empirical 
fact disappear after the edifice we call education has 
been erected. 

It is not wise to press the analogy too far. Beside 
this complex of attitudes and ideas we have called 
philosophy, or education, there is necessarily gained by 
the student. a good deal of knowledge which might be 
characterized as off-hand knowledge in the sense that it 
is immediately present and usable whenever called up. 
Such is the knowledge the engineer uses in the practice 
of engineering and his information in the arts and litera- 
ture which he may use in ordinary conversation. This 
immediately available information is tool and culture 
material and its acquisition is defensible. 

But what of that information which has been lost, 
unused as other than scaffolding? The answer is that 
it has not been lost. Material which has sunk below 
the level of recall may be much more easily relearned 
and understood than brand-new material. The 
foundations have been built and lie in readiness for the 
possible time when a particular skill is to be developed. 
This non-recall information is thus not useless, even 
though a great part of it be unused. It might be 
pointed out that even tool information is largely sunk 
below the level of recall. Especially in chemistry, 
though a man have a million facts in his head, he still 
needs the reference literature. 

The unique value of a course in chemistry is that it is 
the only course taken by the great majority of students 
in which they learn the structure and behavior of the 
matter of which their environment is composed. Such 
knowledge is of primary importance in the development 
of any realistic philosophy or the understanding of 
nature. 
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Tuar measurement is fundamental to science is a 
well-known fact. Measurement is also probably funda- 
mental to sound educational development. This 
proposition is less widely accepted. Since the days of 
Sir Francis Galton psychologists have been attempting 
to measure and quantify differences among human 
beings, including differences in knowledge of many 
subjects. Objectivity is an essential characteristic 
of measurement whether the measurement be of electric 
current or understanding elementary chemistry. Thus 
we find objective tests have been developed in an at- 
tempt to make the measurement of individual dif- 
ferences more precise, more dependable, and more 
significant. ) 

If we wish to measure the outcomes of education with 
as small an error as possible, and if we wish to place 
students at appropriate levels, we must use objective 
measures or make observations and check performance 
insome objective way. Certain rules of sampling and 
of measurement apply in educational measurement 
just as they do in the measurements common to chem- 
istry. Unless reliable and valid measurements of 
educational attainment are obtained the results are 
useless as a basis for deriving an index of educational 
attainment. 

Our interest here is in the educative process and if I 
understand my assignment correctly we are limited to 
paper and pencil tests. Performance tests—for ex- 
ample, analyzing a given unknown qualitatively and 
quantitatively, an objective exercise—are not to be 
discussed here, nor are tests of skill in the performance of 
other laboratory operations. 


TYPES OF TESTS 


Paper and pencil objective tests are used in the ed- 
ucational program in several capacities: 

(1) For measuring aptitudes. The use of group 
objective tests for prognostic purposes was started in 
World War I, where the values of such measures were 
thoroughly established, and has grown extensively 
since then. At a low educational level we find today 
tests of “reading readiness,’ for example, to indicate 
when a child is best able to profit from the more formal 
work in learning to read. At the university levels we 
find widely used the scholastic aptitude test of the 
College Board and the psychological examination of the 
American Council, to mention but two of the most 
Widely used aptitude tests from a very large field. 

‘Presented before the Division of Chemical Education at the 


118th Meeting of the American Chemical Society, Chicago, 
Illinois, September, 1950. 


THE USE OF OBJECTIVE TESTS’ 


JOHN M. STALNAKER 
Association of American Medical Colleges, 185 North 
Wabash Avenue, Chicago, Illinois 


The aptitude test attempts to indicate the intrinsic, 
constitutional, or dispositional fitness of the subject 
or undertaking successfully a specific kind of activity. 
In many cases ability to undertake a specific kind of 
activity depends upon previous knowledge and skills, 
and -so aptitude and attainment are frequently both 
involved in predicting success at the higher levels.) 
Skill and knowledge in mathematics, for example, are 
sometimes excellent predictors of success in advanced 
chemistry. | The aptitude test result, if the test is a 
suitable one, is indicative of what a subject can do, 
with application, rather than what he will do under 
unspecified conditions. 

Measures of aptitude are used today by industry in 
selecting personnel, by the civil service of both the 
federal government and the governments of many of 
the states in approving civil service ratings, and by 
institutions of higher learning. Rare indeed is the 
student who progresses to the college level who has 
not had his aptitude tested many times by objective 
tests. 

Aptitudes are being subjected to analysis. Where a 
single intelligence test once served we now find several 
tests, perhaps of primary factors, substituted. In 
any case, the intelligence will be broken into a verbal 
factor and a quantitative one. As tests are broken 
into segments, each of which is refined and purified, 
greater skill and care are required for interpreting the 
results. 

(2) In addition to measuring aptitudes, the meas- 
urement of attainment by objective tests is becoming 
more common almost daily. The measures of at- 
tainment too are becoming more complex as the goals 
of instruction are becoming more thoroughly analyzed. 
Where a single test might have served the purpose 
earlier now several tests are felt to be necessary. The 
course in elementary biology, for example, has many 
aims. Ability to handle the microscope is not neces- 
sarily related to ability to understand the biological 
principles involved in the course, or to memorize the 
many new names introduced. Thus we find several 
tests, each with its own score, are required. No 
doubt the same situation exists in chemistry. The 
ability to understand the theory of chemistry is prob- 
ably quite different from the ability to weigh accurately 
or to do laboratory work skillfully. 

Tests of attainment are used in the classroom at 
almost all levels. Standardized objective tests as they 
become available at the various levels are replacing less 
carefully constructed examinations. 

Objective tests of attainment have found widespread 
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use in the armed forces in determining qualifications 
for advancement in rating for the noncommissioned 
officer levels. They are used in civil service. Even 
tests for driver’s licenses, I note, are making use of ob- 
jective tests. The few tests of this type I have had an 
opportunity to examine personally were deplorably 
bad, primarily because they ask questions the answers 
to which do not signify ability to drive. Such achieve- 
ment tests serve to force a review of rules but the sig- 
nificance of the rules for accident-free driving and the 
relationship between knowledge of rules and behavior 
is not always clear. A good objective test can be 
constructed for this purpose. Attainment tests of the 
objective type are also used in trade testing and in 
many other industrial uses. The educational uses of 
objective tests are manifold. 

(3) A third type of objective test, in addition to the 
aptitude and attainment tests, is the objective test to 
determine the nature of one’s interests. Success in 
any field is probably greatest where the individual has 
not only the aptitude and the necessary prerequisite 
attainments but also interests comparable to those who 
are successful in the field. Thus the measurement of 
interest has an important part to play. It is wasteful 
for an able and well-trained person, for example, to 
enter the long professional training to become a phy- 
sician if he does not have a sufficiently strong interest 
in the profession to keep him at the task for the time 
required. 

‘Unfortunately, at this time we have no dependable 
measures of interest which can be taken under pressure 
conditions where the candidate is attempting to con- 
vince an admission committee he is the right man. 
The very good objective tests of interest which we do 
have are suitable where the applicant is interested in 
cooperating with the examiner to discover where his 
interests lie. 

(4) Un addition to the objective tests of aptitude, 
attainment, and interests there are also objective tests 
of personality. The many inventory-type of tests. 
which have been developed have found some use with 
the armed services and also with industry, as well as 
in the school situation, but these tests need further de- 
velopment before a more general use is indicated.) They 
should be mentioned because they are treating an area 
that is of fundamental importance in the educational 
process as well as in almost all other aspects of life. 
That the adjustment factors play an important part, 
no one will deny. 

There are many other types of objective tests, and 
the tests can be classified in different ways. Special 
objective trade tests, vocational tests, and the newer 
types of projective techniques are gradually being 
worked into objective group tests. Rather than using 
tests which measure only unimportant facts which are 
easily taught, quickly learned, and even more rapidly 
forgotten, objective tests are now being developed to 
measure the significant outcomes of instruction. 
The development of such tests and the analysis of the 
significant outcomes usually go hand in hand. 
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APPLICATION 


How are these objective tests being used? Typ 
broad categories of use are guidance and selection, 
Tests can be used to help in guiding individuals ty 
their most suitable field or to select from a group the 
most promising for a specific job. If one has a job to 
do he attempts to select the individuals best fitted t 
help. The individual, however, tries to find the work 
for which he is best fitted and which to him is the mog 


satisfying. Objective tests are used for both purposes } 


Selection is much easier than proper guidance. There 
are tests also used for a variety of steps in the educa- 
tional process which do not seem to belong under the 
heading of either guidance or selection but rather 
education. 

In the college situation, the selection techniques 
are used to determine who will be allowed to receive 
the training. The use differs in the selection proces 
depending upon whether there are more seeking ad- 
mission than can be trained, or whether there is need 
for more students than apply. In times of depression, 
now almost a forgotten era, selection is replaced by 
vigorous recruitment, and the stress is on measuring 
the ability to undertake the training at all. When the 
applicants exceed the places, the effort is to select the 
best qualified among the applicant group. 

Objective tests are also used to select scholarship 
recipients from the large number of applicants. One 
outstanding program of selection based largely on ob- 
jective tests is the Pepsi-Cola Scholarship Program 
in which 489 individuals were selected throughout the 
United States and their full tuition and fees, a travel 
allowance, and $25 monthly paid to them for their 
four years of college. A total of over $1,110,000 
has already been paid to these winners selected 
finally on the basis of objective tests. Their records 
are more than justifying the method of selection. 

Many other scholarship programs make use of ob- 
jective tests. The Westinghouse Science Talent 
Search, while a much more modest program financially, 
has been in operation longer and is continuing. Here, 
too, objective tests play an important part in the final 
selection technique. 

Many industrial plants have found that the routine 
use of objective tests with employees supplies evidence 
which can be used to bring about a more efficient 
utilization of personnel and to make a more satisfied 
group of workers. 

In guidance work the tests are the basic tool of the 
profession. Without tests, guidance would be almost 
impossible. Guidance clinics and officers are growing. 
The use of these groups by the Veteran’s Administra 
tion on a very large and broad scale has demonstrated 
their possibilities. 


EXTENT OF USE 


Thus far we have talked about the various types of 
objective tests and the ways in which they are used. 
Now let us consider how widely the tests are actually 
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used and just how they are used. Here we shall con- 
sider only the objective tests which are generally avail- 
able; tests which are published and for sale either by 
the copy or as part of a testing service. The thousands 
upon thousands of tests of an objective nature made by 
the individual teacher for use with his own class are 
till another field. 

If the number of objective tests of the type I have 
described which have been sold or used within the past 
years has been counted, I do not know the result. 
Unquestionably it runs into a great many millions. 
The Educational Testing Service, to take but one of 
gveral agencies, during the past school year scored and 
reported a total of 325,334 tests. In addition through 
their Cooperative Test Division they sold 1,243,823 
copies of 353 different forms of tests which they offer. 
Civil service of the federal government is probably the 
largest user of objective tests during peacetime, and 
during wartime the armed services probably are the 
largest users. Their uses of objective tests will run 
into many millions. 

Objective tests are available through commercial 
publishers. There are over twenty such publishers who 
issue catalogues devoted solely to objective test offer- 
ings. In addition there are at least seven universities, 
including state institutions, which publish test cat- 
alogues of their offerings of objective tests. The World 
Book Company, Houghton-Mifflin, Psychological Cor- 
poration, Science Research Associates, Bureau of Ed- 
ucational Research and Service of the State University 
of Iowa, Ohio State Department of Education, Public 
School Publishing Company, and Stanford University 
Press, all sell objective tests, to mention but a few of 
the many publishers of them. 

In addition, a number of universities operate test 
construction divisions to prepare or help prepare tests 
especially designed for local uses. The University of 
Chicago, to take what is probably the outstanding 
case, has a Board of Examiners under the direction of 
Ralph Tyler. This group, working with the faculty, 
prepares the comprehensive tests used by the Uni- 
versity. Max Englehart devotes himself to directing 
the preparation of objective tests and other tests for 
the Chicago Junior Colleges. While the budget for 
such groups is necessarily large, the results are believed 
to justify the costs. 

Certain agencies also prepare tests for use with 
limited special groups. Such testing programs are 
wually given under supervised conditions, and the 
tests are not available for purchases or other use. 
The nonprofit Educational Testing Service, while a 
publisher of tests through its Cooperative Test Division, 
8 also the largest group handling supervised tests in 
the country. The College Entrance Examination 
Board, whose tests are handled by E.T.S., has the largest 
nongovernmental supervised testing program as well as 
the oldest. 

In addition to the programs of the C.E.E,B., the 
E.T.S. handles supervised programs for law students, 
the graduate record examination, national teacher 
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examinations, West Point and Annapolis examinations, 
actuarial, national high-school program, pre-engineering 
inventory, Department of State Examination, Medical 
College Admission Test, National Research Council, 
and so on. In fact a total of 25 different supervised 
programs were handled this past year and administered 
at over 5000 different supervised centers. 

The Educational Testing Service, while the largest, 
is not the only agency which handles testing programs. 
The Psychological Corporation has for many years 
developed and administered a program for selecting 
students to go into nurse training. The Science Serv- 
ice has developed and handled the test for the Science 
Talent Search. The American Dental Association 
handles its own testing program. 

While these illustrations are not all inclusive, they 
are sufficient to show that objective tests are widely 


- used. 


The cost of analyzing a course of study, of determin- 
ing the aims, and devising the tests to measure the out- 
comes is substantial. Education—sound education— 
does not come cheap. George Bennett, president of 
the Psychological Corporation, has commented on the 
high cost of test construction and the relatively long 
time required for the validation of such tests. He 
says that the Psychological Corporation worked for two 
years in preparing its Differential Aptitude Tests de- 
signed for high-school guidance and spent approxi- 
mately $75,000. He estimates another five years and 
an additional $100,000 will be needed to carry the 
program forward. Preparation of thorough significant 
tests is expensive. 

The Educational Testing Service has a staff of 81 
professional personnel, as well as the supporting clerical 
staff of 186, and the necessary equipment. Its gross 
expenditures for a year run into the millions. It has 
been developed to offer as expert services as are now 
possible at a rate as low as is consistent with the quality 
of the service. Its size, variety of services, and volume 
all contribute to efficient operation. 


EVALUATION 


Having by this time established that objective tests 
are indeed widely used by industry, the government, 
the schools, and various agencies; that programs of ob- 
jective tests are also widely given under supervised 
conditions; and that test and examining groups of dif- 
erent types, sizes, and natures are in existence, a final 
word should be said about the tests and their significance. 

As the use of objective tests has grown there has de- 
veloped a cult of correlators who at their worst seem to 
believe that a simple correlation between a test score 
and some other measure on a small population can 
“prove” the value of the test. Certainly correlations 
should be made again and again. They should be 
made frequently enough so that one appreciates their 
fluctuations and recognizes that the size of a correlation 
is based on many factors, only one of which is the test. 


; 
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A correlation is influenced by the nature of the 
population on which it is based quite as much as on the 
test. A test having thoroughly established intrinsic 
validity may yield scores with a given population of 
individuals which correlate to a slight extent only with 
some criterion. The test is still as good as ever. 

Your interest and mine is in developing dependable, 
reliable tests of the more significant outcomes of in- 
struction. This development of suitable, adequate 
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tests is time-consuming and expensive in terms of braing 
and training which are demanded and of detailed item 
analysis of trial efforts. When the final test is ready 
and approved by both the teacher of chemistry and the 
test technician, who has applied his various techniques 
to show that the test is sound and dependable, then 
the test is of value for the purpose for which it wag 
constructed. It has intrinsic validity. Use it and in. 
terpret the results wisely, for it will be a sound test. 


Vanuovs devices for supplying instructional material 
were investigated by the armed forces during World 
War II. One of the more interesting of these devices 
was developed by the Special Devices Center of the 
Office of Naval Research and is known as the 5-0 or 
5-0-2 Automatic Rater.!_ This device presents multiple- 
choice question cards to the player and automatically 
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records his accumulative score based on correctness and 
speed of selecting the answers. We became interested 
in whether the automatic rater would be helpful to 


1 Due to the courtesy and interest of Commander R. W. 
Mayhew, U.S.N.R., Ninth Naval District Program Officer for 
the Research Reserve, a 5-0-2 rater was made available to us 
through the local Naval Research Reserve Unit. 


AN AUTOMATIC RATING THESAURUS OF 
PHYSICAL CHEMISTRY QUESTIONS 


R. A. COOLEY and T. J. ROEMER 
University of Missouri School of Mines and Metallurgy, 
, Missouri 


students of physical chemistry and whether there would 
be any relation between the degree of interest in using 
the machine and the grade obtained by the student in 
the physical chemistry course. The scarcity of any 
information on the evaluation of these types of machines 
may be due either to the early state of development of 
the device or to a philosophy that such devices are 
undesirable in college-level teaching. The purpose of 
this article is to present briefly our preliminary evalua- 
tion of the rater made available to students on a non- 
compulsory basis. 

The machine was loaded with cards containing physi- 
cal chemistry questions and placed in the laboratory so 
that it might by played during any free time from the 
experimental work by sections totaling 150 students in 
physical chemistry. A lively interest was shown in the 
rater by the students. Each student played it at least 
once and filled out a questionnaire on the rater. 

The automatic rater? displays multiple-choice ques- 
tion cards 2.5 X 3.7 in. and automatically records the 
player’s accumulative score. The playing cycle is 
started by pressing a “start” button which causes a 
card to appear in the question window. Five seconds 
are allowed in which to read the question. There are 
seven answer buttons. The player presses the one 
corresponding in number to the answer considered 
correct. If the choice is made immediately and cor- 
rectly a green light appears in the “correct”? window 
and twenty points are scored. A penalty of one point 
per second results from delay in selecting the correct 

2 The raters have been manufactured by the Lewyt Corpora- 


tion of Brooklyn, New York. When manufactured in lots of 
several hundred, the machines cost about $700 each. 
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answer. If the choice is not made immediately the 
twenty numbered lights go out successively, one every 
second. If the choice of answer is incorrect a red light 
appears in the “incorrect” window and no credit is 
given. After the answer button has been pressed the 
card moves to the answer window where the question 
and correct answer may be studied for any length of time. 
By again pressing the “start” button the cycle is re- 
peated. The model 5-0-2 rater is loaded with about 
500 cards at one time, and since the cards follow a con- 
tinuous path through the machine the machine may 
be played as many times as desired without further 
attention except for maintenance. The model 5-0 
rater is loaded with about 650 cards and each time the 
650 cards have been played they must be manually 
reloaded into the machine. 

Because of temporary mechanical failures and the 
work required to develop a suitable set of questions 
and have them transferred to the special cards used in 
the rater,* the machine was irregularly available to the 
students over a period of several months. No control 
was operated to test directly the value of the rater. 
An evaluation based on observation, personal discus- 
sions, and written answers to a questionnaire indicated 
that: (1) the students felt the rater was helpful in the 
course work, (2) there was no correlation between in- 
terest in the machine and grade received in the course, 
(3) the students desired to have the rater available 
during “library hours” in addition to laboratory periods. 

Since the national standardized tests on physical 
chemistry utilize multiple answer questions (average 
reading and answering time is 92 seconds per question 
in the current edition), their use is apparently applicable 
in teaching physical chemistry. Automatic grading 
machines are becoming more common, although they 
generally will not correct the student’s work as quickly‘ 
as the rater described. The use of the raters exploit an 
established American liking for machines® to encourage 
consideration of selected questions. The present 
rater does not have the optimum reading time but this 
could be changed and the reading time could be made 
variable for each question so that problems requiring 
calculations could be handled. The size of the question 
card might be increased.® 


* The cards are made of a special paper composition to resist 
dimensional change under different humidities. The dimensions 
of the card are very important to the smooth operation of the 
machine and the cards have a tendency to jam the machine as 
they wear or are even slightly damaged. The recent adoption 
of plastic cards may solve this problem. 

‘ Demina, H. G., J. Cue. Epuc., 26, 589 (1949). 

* According to Annals of the American Academy of Political and 
Social Science, 269, 62 (1950), “the gross ‘take’ of all the slot 
machines in the country may be placed at one billion dollars 
per year.” 

*The Navy developed a 35-mm. film-projector rater which 
projects an 8'/, X 11-in. page question with multiple answers. 
This machine detects the correct answer by the use of photo- 
electric cells, whereas the 5-0-2 rater determines the correct 
answer by mechanical feelers which detect the position of a slot 
cut in the question card. For compactness it would appear that 
the film-type rater using perhaps 8mm. film would have ad- 
vantages over a card machine. 
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If it could be established that a machine is a suffi- 
ciently effective adjunct in learning, a rater could be 
designed as versatile as Vannevar Bush’s memex’ and 
might be built into the student’s desk of the future. 


Automatic Rater. Device 5-0-2 


The rater may be used as one of the less arduous 
means of reviewing course material. It permits two 
or more students to compete with each other in a prof- 
itable way. Since all 500 cards in the rater may be 
different and can be changed as often as desired, the 
rater can encourage students to learn and apply prin- 
ciples rather than memorize details. The rater might 
be used as a minimal accomplishment device for a 
course, t. e., each student might be required to make a 
certain score as a qualification to take examinations 
designed to give practice in analysis and self-expression 
with little emphasis on time. The rater may be used 
in any course in which multiple answer questions can 
be used effectively, and in the student questionnaire 
many courses such as freshman chemistry,* organic 
chemistry, geology, languages, etc., were suggested as 
ones in which the use of the rater could be helpful. 


7 Busn, V., Atlantic Monthly, 176, 106 (1945); Life, 19, 112 


(1945). 
8 Bruce, P. L., J. Cuem. Epuc., 27, 277 (1950). 
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* NOTES FROM THE LIFE OF A CHEMIST 


T us is a brief account of the rather unusual life story 
of a chemist-scientist, a self-made man, who from a 
penniless orphan gradually made himself into an inter- 
nationally known scientist. This rise was due in great 
measure to my strong physical constitution combined 
with a life-long moderation in all pleasures (eating, 
alcoholic beverages, exercise, sports, etc.). On the 
other hand, during my younger period, I put no limita- 
tions on my scientific labors. Like Kekulé,? I can state 
that “for many years, four or even three hours of sleep 
were enough for me,” and most of the night was de- 
voted to experiments. Unconsciously, I also followed 
his other counsel: “I can only advise my young pro- 
fessional colleagues to be industrious in their youth.” 
This self-discipline and voluntary restriction of pleas- 
ures and distractions paid me large dividends of time 
and energy, which I could éxpend on serious, diligent 
scientific work. Time for me was not money, but a 
divining rod, which led me to many hidden scientific 
treasures. My whole career has therefore been de- 
voted to research, not, with a concrete monetary return 
in mind, but because of the abstract pleasurable effects 
which are associated with the finding of a problem, the 
search for the means of solving it, and the thrill ac- 
companying the successful solution itself. Every 
complex problem I have attacked has been like a drama; 
the last act always presenting a “happy ending.” 


BIRTH AND EARLY SCHOOLING 


I was born on July 26, 1863, in the district Livonia, 
which then was part of the Russian Empire and is now 
included in Latvia. My father, Johann Walden, a 
farmer, and his wife Anna (neé Kreischmann) both 
died while I was quite young. After finishing the local 
German-speaking elementary schools, I, now an orphan, 
was sent to Riga, then the capital of Livonia. The 
Realschule (secondary school) there was quite new and 
modernly equipped. I made an excellent record, 
especially in science and foreign languages, and paid 
my own way by tutoring my fellow students. The 
technical university ‘‘Polytechnikum” in Riga where I 
matriculated in 1882 was famed throughout Russia 
because of its excellence in the sciences. The instruc- 
tion was given in German. The young Wilhelm Ost- 
wald (1853-1932) had recently been added to the 
faculty, and when I enrolled as a chemistry student I 
began an association with him that lasted until his 
death. He accepted a call to Leipzig in 1887, and I 


1 Professor Walden wrote these autobiographical notes at the 
express request of the translator. 
2? Kexu tf, A., Ber., 23, 1308 (1890). 


PAUL WALDEN 
Gammertinger-Tibingen, Germany 
(Translated by Ralph E. Oesper') 


continued my studies in his world-famous laboratory 
during the summer semesters of 1890 and 1891. My 
doctorate was conferred summa cum laude at Leipzig in 
September, 1891.8 


ASSOCIATION WITH OSTWALD 


I was connected with the Riga Polytechnikum until 
1919, as student, assistant, dozent, professor (1893/4), 
dean and, several times, rector. My assistantship be- 
gan in 1885 in physics where I was lecture assistant. 
Along with these duties, I also started to experiment 
on my own and to look for problems. The latter were 
necessarily restricted to the chemicals that were avail- 
able to me in the physics supply room: The lamps used 
to light thé laboratory provided a supply of coal oil; 
the cleansing of the mercury for the physics experi- 
ments required concentrated nitric acid; several sets 
of Bunsen elements were available. Accordingly, in 
1885/6, I was one of the first to attempt the nitration 
of petroleum hydrocarbons by means of concentrated 
nitric acid in bright sunlight. Occasionally, a white 
solid mass, with a lemon-like odor, separated; my 
intention to analyze it later was never fulfilled, un- 
fortunately. The Bunsen batteries were to be used 
for the electrolysis of liquid hydrogen fluoride, but, 
while I was waiting for the delivery of the lead elec- 
trolysis apparatus I had ordered for this purpose, Henri 
Moissan isolated the free halogen. 

Full of energy and ambition, I now applied to 
Ostwald for a problem, and he promptly suggested a 
study of the electrical conductivity of salts of polyacid 
bases. ‘Find out what there is in this,’ was the whole 
of the verbal instructions he gave me. I worked on this 
problem day and night (I lived in the physics building) 
from the fal! of 1886 to the spring of 1887. I was per- 
force both apprentice and master, because in addition 
to the topic I had at my disposal nothing but my strong 
determination, my investigative enthusiasm, and my 
free day and evening hours—but no apparatus or ma- 
terials. Though it was many years later that I became 
acquainted with Goethe’s statement: ‘All living, all 
doing, all art must be preceded by work with the 
hands,” I had unconsciously followed this maxim, in 
that I first of all took lessons in the mechanical arts: 
from the mechanic, the soldering of metals, lathe work, 


3 Through the persuasion of J. H. van’t Hoff, I became the 
first of Ostwald’s students to write a biography of the revered 
master (1903/4). Later, acceding to the wishes of M. Boden- 
stein, I composed the necrology of the eminent teacher, scientist, 
and man, with whom I had been intimately associated for 50 
years [Ber. 65A, 101 (1932)]. 
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ete.; from the glass worker, the cutting, blowing, 
melting, etc., of glass. In short, with my own hands I 
had to make the apparatus required for the Kohl- 
rausch-Ostwald method of measuring conductivity: 
Wheatstone bridge, Arrhenius conductivity cell, meas- 
uring pipets, etc. Only the telephone, a resistance box, 
and the thermometer were borrowed from the physics 
supplies. These details are given here because of the 
great contrast to present-day conditions where re- 
search students are supplied with such items as ready- 
made precision instruments and automatic recording 
devices. Although times have changed, it is still well 
to emphasize the importance of being able to rely on 
one’s own resources. Berzelius was able “‘to get along 
with surprisingly little’ and if necessary “to bore with 
asaw.” The great experimentalist Bunsen once told 
me that “lots of nice apparatus can be constructed even 
from empty cigar boxes.” 

In the spring of 1887 I submitted my completed 
manuscript to Ostwald with the timid request that he 
correct it. After several months he returned the 
manuscript, together with galley proofs from the 
Zeitschrift fiir physikalische Chemie, which is the 
periodical he had recently founded (1886/7). When I 
discovered that my paper did not contain a single cor- 
rection by Ostwald, and when I soon held the printed 
copy of the journal in my hand—or rather, when I 
saw that my contribution accompanied those from the 
pens of the leaders in physical chemistry—I experienced 
for the first time the greatest and still undimmed thrill 
of the young scientist. In this way, the Zeitschrift 
[1, 529 (1887)] became the publication medium of 
my first investigation, which gave rise to the ““Ostwald- 
Walden rule” for the determination of the valence of 
acids, ms, or bases, Ng, from the increase in the molec- 
ular conductance yu between the dilutions v = 32 to 
v= 1024 liters, é., (1024 bse) = Thus, 
as early as 1887 my name was linked with that of Ost- 
wald, both scientifically and through the Zeitschrift, 
in which in the succeeding decades (1887-1934) I 
published (Vols. 1-168) the results of my experimental 
studies of the ionizing power of nonaqueous solvents. 


ORGANIC CHEMISTRY 


Ostwald was succeeded by C. A. Bischoff, who came 
from Leipzig, and there was a decided shift in the chemi- 
cal emphasis at Riga; physical chemistry gave way to a 
pronounced organic-stereochemical pre-eminence. I, 
too, changed my position, and (at a better salary) be- 
came assistant in organic chemistry. Although my 
days were largely occupied by my duties in the organic 
laboratory my nights were my own. I devoted my 
evening to physical chemistry, 7. e., I determined the 
affinity constants of numerous acids through conduct- 
ance measurements. These experiments were carried 
out in my living quarters in the chemistry building.‘ 
At this period I was somewhat like the Roman god 


‘In his memoirs, Ostwald refers to his own (1889) affinity de- 
terminations of hundreds of acids and points out that mine had 
surpassed his in numbers. 
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Janus, my daytime face was organic, my nighttime 
countenance physical chemical. I published organic 
papers jointly with Bischoff, and also my graduating 
study for the diploma of engineer-chemist (1889). 
My own publications in physical chemistry included 
the doctoral dissertation in Leipzig (1891) and the dis- 
sertation for the degree of Master in Chemistry at 
Odessa (1893). 

I again took up organic chemistry in 1893 at Munich 
in Adolf von Baeyer’s laboratory; I wished to gain a 
better insight into the mental and working atmosphere 
of organic and stereochemistry. Baeyer ruled like a 
high priest over his band of collaborator-students. 
At that time this distinguished company included: 
E. Besthorn, E. Bamberger, E. Buchner, A. Einhorn, 
W. Koenigs, H. von Pechmann, L. Vanino, R. Will- 
stitter, and J. Thiele. The modern physical chemical 
methods did not enjoy much of a reputation among 
these great synthetists.® 


‘MAN GROWS WITH HIS OBJECTIVES” 


To this may be added: ‘The goals and powers of a 
man increase with his successes.’”’ I became dozent in 
1892 and professor of physical and analytical chemistry 
in 1893/4. Bischoff and I published a ‘(Handbuch der 
Stereochemie” (1893). I then began an experimental 
investigation (1894 ff.) of the van’t Hoff postulates of 
the asymmetric C atom and also an examination and 
refutation of the “asymmetry product” of optical rota- 
tion, set up (1890 ff.) by Ph. A. Guye. In the further 
course of these studies (1897-99) I discovered the well- 
known ‘Walden inversion.’”*® For example: 


KOH /-malic acid 
l-malic acid — d-bromosuccinic acid 
@-malic acid 


I received the degree ‘‘Doctor. of Chemistry” in 1899 
from the University of St. Petersburg. 

With the conclusion of these researches in the field 
of stereochemistry and optical activity,’ I turned my 
attention to a new problem, namely nonaqueous sol- 
vents and ionizing media. I began (1899) with liquid 
sulfur dioxide and gradually extended my studies to 
all available inorganic and organic solvents, ending 
with hydrazine.’ In a lecture delivered by invitation 
before the French Chemical Society (May 28, 1930) 
I gave a survey of the conductivity of typical binary 
salts in nonaqueous solutions. My career as an 


5 For instance, when the great Emil Fischer once visited his 
revered teacher, Baeyer proudly displayed a ‘new, particularly 
fine piece of equipment,” which, to Fischer’s amazement, turned 
out to be nothing but a test glass held in a movable stand. On 
the other hand, it was reported of E. Fischer that he looked at 
every compound to see what its molecular weight was. 

6 In 1898 I underwent a “‘personal inversion,”’ 7. e., I married 
Wanda von Lutzau. Our happy life together was terminated 
by her sudden death in July, 1950. 

7 WaeEN, P., Ber., 38, 345 (1905). 

8 WaLDEN, P., Z. physik. Chem., 165, 241 (1933); 
(1934). 

9 WALDEN, P., Bull. soc. chim. France, [4] 47, 1-46 (1930). 
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active laboratory worker closed when I reached the 
official retiring age in 1934. 

When I began my measurements, around 1900, the 
molecular conductivities u, obtained with electrolytes 
chosen at random (e. g., LiBr, AgNO;, SbCl;) were 
regarded as a measure of the ionizing power of the 
solvent. With the choice of a typical “strong” binary 
salt having pronounced solubility, and with the meas- 
urement of the molecular conductivity—down to the 
limiting value yu, at infinite dilution V—at various 
temperatures ¢, in various solvents with different 
viscosities n,, I discovered the relation p,°-”,° = 
= + in which v and u denote the 
migration velocities of the free anion and cation, 
respectively. This is the Walden viscosity rule 
(1906). As slightly solvated ‘normal salts,” we 
have for example N(C.H;),I, N(CsHu)4I, or N(CsHi:)4 
picrate. Furthermore, it was found that, in general, 
there are no “indifferent” solvents.'! Molecular weight 


10 See WaLpEN, P., Bull. soc. chim. France, [4] 47, 36 (1930); 
James, J. C., J. Chem. Soc., 153, 1095 (1950). 

11 See, e. g., WALDEN, P., Z. physik. Chem.. 147, 1 (1930); 
Ber., 75, 1891 (1942). 
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determinations of N(CsHu),I in benzene indicated , 
high degree of polymerization.'!* 


ACTIVITIES AND TRAVELS 


Since 1900 my personal experiences have been get 
in a turbulent atmosphere; I, the quiet optimist, was 
plunged into the turmoil of the Russo-Japanese War 
(1904-1905), World War I, the Russian Revolution, 
and then World War II. As rector of the Riga Hoch. 
schule, I went through the Russian student uprisings, 
and these required conferences with the Minister of 
Education in St. Petersburg. To be sure, this office 
changed hands so often that the old portier at the 
ministerial palace resignedly remarked: ‘The ministers 
formerly moved in with furniture vans; now they come 
with no more than a handbag.” D. I. Mendeleev, N. 
Menschuktin, and I collaborated in laying plans for 
the organization of a technical academy and uni- 
versity. !* 

My entrance into the Imperial Academy of Sciences 


at St. Petersburg as successor to Fr. Beilstein (d.' 


1906) led to my first visit to the United States, where 
I came as delegate to the VIIIth International Congress 
of Applied Chemistry (New York and Washington, 
1912). Here, I made the acquaintance of Morley, 
Hudson, E. C. Franklin, Gomberg, Cottrell, A. A. 
Noyes, Langmuir, etc. I had already met H. C. 
Jones of Johns Hopkins in Europe.'* The technical 
progress of the American assembly line struck me as 
especially wonderful. When (1912) we foreigners 
visited the Ford works at Detroit we were amazed at 
the weekly production rate: 6 automobiles! The cars 
at that time were quite asthmatic and unreliable; 
at the Chicago Exposition we had to get out and 
push! At the final session of the Congress I was 
elected president of the IXth congress to be held in 
St. Petersburg in 1915. However, World War | 
ruined this plan. The same fate overtook the build 
ing plans for a new spacious Institute for Scientific 
Research, which had been worked out by Prince 
Galitzin for the Academy of Physics, Karpinski for 
the Academy of Geology, and myself as representative 
of chemistry. 

The Riga Hochschule went into exile and for three 
years (1915-18) I continued my activities as professor 
and rector at Moscow, undisturbed even by the 
Bolshevik revolution of 1917. After overcoming much 
opposition, permission was granted for us to retum 


12 WaLDEN, P., Kolloid-Z., 27, 97 (1920). 

13 Incidentally, it may be noted that in 1907 I was offered the 
professorship vacated by Mendeleev at the University of St. 
Petersburg. I similarly declined offers from Graz as successor 
to Skraup, from Amsterdam where the post had been held by 
van’t Hoff and Roozeboom, and from Breslau, as successor to 
Ladenburg. 

14JIn Cleveland a reporter interviewed me about the next 
great chemical discovery. Simply to say something, I replied: 
“The matter of eggs.”’ Several days later, the headlines stated: 
“Chemists make eggs.” However, up to now, hens are still 
doing this better. 
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home, and in the summer of 1918 I moved the Hoch- 
schule back to Riga in cattle cars, where, however, 
we found a national revolution in progress.™ I had 
had more than my fill of revolutions; in the summer 
of 1919 I fled to North Germany, and there found a new 
home. 

From 1919 on, I was head of the chemistry depart- 
ment at the University of Rostock, and resumed my 
teaching and research. A pleasant interlude was 
provided by the invitation to come to Cornell as non- 
resident lecturer. Here (1927/28) I became ac- 
quainted with Dennis, Bancroft, and Trevor (the 
latter two had studied with Ostwald). Various lecture 
tours gave me new impressions of the tremendous 
technical and scientific potential and progress of the 
U.S. A. I lectured in Richmond, Columbus, Harvard 
(where I was the guest of T. W. Richards and made 
the acquaintance of the young Conant), Ann Arbor 
(where I again saw Gomberg), Providence (Kraus), 
Princeton (eminent pupils of Bodenstein), Yale, and 
New York (Columbia and Rockefeller Institute 
(Levene)). I later had the pleasure of counting 
Nichols (of Cornell) and Audrieth (Illinois) among 
my students. 

In 1928, I took part in the convention at the Solvay 
Institute in Brussells and met many distinguished 
chemists and physicists. I delivered an invited lecture 
before the Societé chimique de France in 1928, and in 
1934, as honorary president, I attended the IXth 
International Congress of Applied Chemistry at 
Madrid. I there renewed my acquaintance with such 
chemical luminaries as H. E. Armstrong, Le Chatelier, 
Barger, Jorrissen, Fourneau, Karrer, Delepine, G. N. 
lewis, R. Robinson, Lowry, Parravano. This same 
year we celebrated the centenary of Mendeleev’s 
birth, and welcomed to Leningrad the German chemical 
leaders, as well as Bruni (Italy), Svedberg and Palmaar 
(Sweden), and Heyrovsky (Prague). As “honorary 
guest,” I attended the Xth International Congress at 
Rome in 1938; the political tension made itself felt 
and there was a noticeable coolness toward me on the 
part of certain old acquaintances. 

Rostock was spared the horrors of World War II for 
several years but was bombed eventually. In the 
night of April 24/25, 1942, my home and its entire 
contents, including my chemical library of 10,000 
volumes, were consumed by fire. Homeless and at my 
wit’s end, I started southward the next day, living from 
place to place as best I could, until I finally found 
permanent lodgings in Tiibingen. Here, I am now 


“Early in 1918, the Baltic barons invited the Germans to 
occupy Latvia. The Bolshevik troops were compelled to retire, 
and the Germans invaded the country and were allowed to 
remain as an army of occupation even after the Armistice, because 
the Allies were not prepared to guard the country against the 
Bolsheviks. However, independence was declared on November 
18,1918. The Russians at once invaded the new state and cap- 
tured Riga early in January, 1919, but were driven out of the 
city in May. The country was not entirely cleared of foreign 
troops until 1920. (Translator’s note) 


163 


attached to the university under the title of “guest 
professor.” 


WRITINGS AND HONORS 


In addition to my teaching and research activities 
I contributed extensively to the chemical literature. 
My papers number in the hundreds and deal with 
factual, theoretical, historical, and biographical topics. 
The latter include extensive essays on Arrhenius, 
Berthelot, Berzelius, Glauber, van’t Hoff, T. Lowitz, 
Mendeleev, Lothar Meyer, Wilhelm Ostwald, Para- 
celsus, Pasteur, and Ramsay. My books are: “Hand- 
buch der Stereochemie” (with C. A. Bischoff) (1893); 
“Wilhelm Ostwald” (1903); ‘Die Lésungsmittel in 
geschichtlichen Aufeinanderfolge” (1910); ‘History 
of Chemistry in Russia” (in Russian) (1917); ‘Op- 
tische Umkehrerscheinungen” (Walden Inversion) 
(1919); “Molekulargréssen von Elektrolyten in nicht- 
wassrigen Lésungen” (1923); ‘“Elektrische Leit- 
fahigkeit von Lésungen”’ (3 parts) (1923/4); ‘‘Elektro- 
chemie nichtwisserigen Lésungen” (1924); “Chemie 
der freien Radikale” (1924); ‘Salts, Acids and Bases” 
(Cornell Lectures) (1929); “Mass, Zahl und Gewicht 
in der Chemie der Vergangenheit” (1931); ‘Goethe 
als Chemiker und Techniker’” (1932, reprinted 1943); 
“Goethe und die Naturwissenschaften” (1933); ‘“Ge- 
schichte der organischen Chemie seit 1880” (1941); 
“Drei Jahrtausende Chemie” (1944); “Geschichte der 
Chemie” (1947, 2nd ed. 1950). _ I edited the Ostwald- 
Drucker-Walden: “Handbuchy der allgemeinen 
Chemie,” Vols. 1-8 (1919-30); contributed extensively 
to Bugge’s ‘Das Buch der grossen Chemiker” and to 
“Das Handwérterbuch der Naturwissenschaften,’”’ Lan- 
dolt-Bérnstein, “‘Physikalisch-chemische Tabellen.”’ 

My honors have been many and varied. In addition 
to orders and titles of distinction (including hereditary 
nobility) the Imperial Russian government recognized 
my services by a permanent seat in the Academy of 
Sciences at St. Petersburg, in succession to Fr. Beil- 
stein. Honorary doctorates were conferred by Stutt- 
gart (Dr.Ing.), Rostock (M.D.), and Madrid (Se.D.). 
The Chemical Society of London, the Academy of 
Science in Leningrad, the Finnish Academy in Hel- 
singfors, and numerous learned societies in Germany 
include my name in their list of honorary members. 
I am corresponding member of the French, Swedish, 
and Géttingen academies. I hold the Goethe Medal 
of the German realm and the Goethe Plaque of the 
city of Frankfurt, as well as other medals. 

It is indeed a sad commentary on the present eco- 
nomic state of the world and a somewhat satirical 
presentation of the great social problem of caring 
for the aged, that instead of enjoying the vaunted 
“Sioys of old age” and “the dignified leisure” of which 
Cicero wrote, I, at the age of 87, and without the 
pension which had been assured me by two “cultured” 
states for my 50 years of teaching, now must keep on 
teaching in order to supplement the inadequate old- 
age allotment provided by the government. 
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Tue Division of Chemical Education fills a unique 
place in the American Chemical Society for, without it 
and those who are or should be members of it, there 
could be no members in the other divisions either. The 
Division becomes strong and justifies its existence in so 
far as it meets and treats the common problems of the 
large group of teachers. of chemistry in the A. C. S. 
That it has been relatively successful is shown by its 
burgeoning growth in recent years (from a member- 
ship of 250 in 1945 to 700 in 1950). With this growth 
come somewhat different duties. The smaller group 
had little difficulty in communication. Most of the 
members knew each other and exchange of ideas pro- 
ceeded readily. But it is somewhat more difficult to 
keep 700 members informed of Divisional programs and 
to obtain from them the ideas essential to a continuing 
service of the Division to its members and to the Society 
asawhole. In an attempt to find some solution, partial 
though it may be, your Chairman has undertaken the 
job of columnist with the excellent cooperation of the 
Editor of the JouRNAL or EpucatTion who 
has given the space. We thus hope to keep the mem- 
bers informed as to current projects within the Division 
and to present for their comments suggestions as to 
new avenues of growth and service. 


DIVISIONAL HISTORY 


Each member of the Division will want to watch for 
the appearance of the History of the Division of Chemi- 
cal Education which is to be printed in Chemical and 
Engineering News sometime between February and 
June, 1951. Dr. Harrison Hale of the University of 
Arkansas has gathered, for this series, the background 
material which will enable each of us to see where the 
Division has been, and what it has done, and from 
these to predict some possible courses for the future. 


GRADUATE STUDENTS 
With the new year begins the double job of writing 


* DIVISION OF CHEMICAL EDUCATION 
OF THE AMERICAN CHEMICAL SOCIETY 


IT‘S YOUR DIVISION 


letters of reference for students who will graduate in 
June and the selection, on the basis of these letters, of 
those who will begin graduate work in each schoo, 
In recent years many students have been placed in, 
quandary when they received an early acceptance from 
one graduate school, whereas their first choice did not 
notify them for another month or two. Similarly the 
graduate schools find that some of the early acceptances 
are later returned when a more attractive offer reaches 
the student at a later date. At one time there was, 
fairly regular procedure established for sending out 
notices of acceptance to graduate school at a uniform 
time and the Division now has a Committee unde 
the chairmanship of R. C. Anderson of the University 
of Texas investigating the possibilities of a code to cover 
the hiring of graduate students and their acceptance. 
The other members of the Committee are James fF. 
Corwin (Antioch), John E. Willard (Wisconsin), A. We 
Laubengayer (Cornell), and your Chairman (Oberlin), 
Suggestions will be welcomed. 


AND WHAT BECOMES OF THEM? 


One of the hard parts of writing letters of reference 
which succeed in placing a student in a position is the 
subsequent difficulty in keeping track of the student and 
his progress. Dean Frank Smith of the Graduate 
School at Rochester has applied one of the best ideas 
we have seen in some time by writing to each of the 
men who served as references and letting them know 
when their candidate has achieved his degree. It 
seems to me that this might well be taken up by al 
graduate schools and industrial personnel departments 
as a courtesy to the men who originally supplied them 
with the information which led them to hire the student. 
Such a plan would certainly widen what should bes 
two-way street of communication between the educate 
and the user of his product. 


J. A. CAMPBELL, Chairman 


Equation (3) should be 


An error in the paper by H. R. Davidson entitled “Dipole moments and molecular structure,” 
appearing on page 598 of our November, 1950, issue, has been pointed out. 


a (a t2” 
where S is the slope of the plot of dielectric constant versus weight proportion of solute. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


ca THE SEQUENCE OF TOPICS IN A BEGINNER’S 
COURSE’ 
KAROL J. MYSELS and CHARLES 
S$. COPELAND 
University of Southern California, Los Angeles 7, 
California 
rN COURSE, particularly a beginner’s course in chem-_ should be grouped together, both for ease of learning 
istry, reflects both the required or traditional curriculum and as an illustration of the generality of the principles 
and the point of view of the instructor. The over-all involved. 
content of such a course is rather well defined and gen- The following is the sequence of topics which we 
erally accepted, so that the point of view of the in- finally adopted. 
structor is reflected mainly in the sequence in which ee 
topics are presented and in his approach to each topic. (a) Salts 
In order to satisfy certain aims of our own teaching, Physical properties 
we have developed in the last few years a sequence which Mixtures, homogeneous and heterogeneous 
differs from any that we have seen, and the present a i ' 
article summarizes this. organization. We realize that 
Equilibrium, Le Chatelier’s Principle 
many instructors will find it unsuitable, but we hope P-T diagrams, allotropes 
that it will be helpful to those whose aims are similar to Solubility 
ours. T-C diagrams, alloys 
Gases (empirical ) 
Our aims may perhaps be briefly summarized as fol- Vapor-liquid oquilibriem 
lows. In teaching a beginner’s course, or any other Distillation 
course for that matter, we feel that a clear distinction (b) Molecule 
should be maintained between what is and what is not Kinetic-molecular theory 
directly observable by means within the student’s Distribution of velocities, equipartition 
grasp. The former should be the subject of an authori- a —— M. = - of gases 
‘ d t tion an er aa orces, condensation 
tative statement and, if possible, of a demonstration. Dynamic equilibrium 
On the other hand, conclusions, inductions, hypotheses Activation energy 
ete., should be given for what they are and, in particular, M. W. of solutes, colligative properties 
the reasoning leading to them should be clearly pointed IT. Chemical Changes 
out. The ultimate goal would be for the student not 2H: + O:-+2 H:0 
to depend on the instructor’s word except for a limited Concept of reaction 
: : Atoms, A. W., formulas 
number of statements of fact. To approach this goal it Reustions, steldhlometry 
is necessary to proceed from the simple and familiar to H, + Ip $ 2HI, chemical equilibrium 
the more complicated and less familiar. This tends to Rate, activation energy ‘ae 
give the student a continuous grasp of the material Nz + 3H: % 2NHs, effect of all conditions 
. . = 
studied and allows him to follow the reasoning better CaCO; + CaO + CO: heterogeneous equilibrium 
4 : f th Reaction of O2 with elements and compounds 
at each step. There is also a gradual extension of the Oxidation, reduction, affinity, displacement 
range ofphenomena directly observable by means within 
the student’ de IIi. Electrolytes 
he student’s grasp. In other words, a go asis Electrolysis, ions 
should be firmly laid at each point before proceeding Faraday’s law, Millikan’s experiment 
to the next. Finally, we feel that related phenomena Cells, E. M. F., E° 
E. M. F. series, redox reactions 
1 Presented before the Division of Chemical Education during Precipitation and dissolving 
the 118th Meeting of the American Chemical Society, Chicago, Acids, bases, pH, amphoterism 
Illinois, September, 1950, and before the second annual meeting Hydration, complex ions 
of the PSACT in Los Angeles, November, 1950. Redox reactions of S and N 
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IV. Atomic Structure and Bonding 
Periodic table 
Natural radioactivity 
a-Particle scattering, nucleus 
Isotopes 
Nuclear reactions, tracers 
Diffraction: light, X-rays, electrons 
NaCl, I, crystal structures 
Tonic, covalent, semipolar bonds 
Electronic structure 
Survey of structures: crystals, molecules 
Resonance: graphite, Na 
V. Organic Chemistry 
Hydrocarbons, isomerism, unsaturation 
Functional groups: OH, CHO, CO, COOH, NHe, NO», 
SO; 
Interaction of groups: ethers, esters, sugars, peptides 
VI. Colloid Chemistry 
Nylon, condensation 
Lucite, polymerization 
Bakelite, crosslinking 
Rubber, vulcanization 
Silicones 
Starch, cellulose, proteins 
Hydrophilic groups, films 
Emulsions, soap, micelles, gels 
Adsorption, sols 
Ton exchange 
VII. Applications 
Water treatment 
Fats and oils, paints, detergents 
Petroleum: drilling, refining 
Carbon cycle, wood, coal 
Nitrogen cycle 
Metallurgy: ore dressing, pretreatment, reduction, re- 
fining, alloying 
Industrial production of elements, bases, acids, salts 


It will be noted that we omit all discussions centered 
around an element. The various elements and their 
compounds are brought in, however, when needed 
for the discussion of any topic. These instances 
are so numerous that they cannot be shown in 
the list, but descriptive chemistry must constantly 
be used to give concrete meaning to any discussion. 
For example, when we speak of allotropes, we treat 
together sulfur, tin, carbon, and the seven ices, and 
when discussing metallurgy we talk in close succession 
of iron, copper, tin, chromium, mercury, aluminum, 
magnesium, etc. 

The concept of reaction is certainly a fundamental 
one, and is generally introduced very early. In our se- 
quence it is introduced relatively late, in order to give it 
a proper foundation. For, isn’t a reaction a process in 
which new substances and new molecules appear and 
old ones disappear? Unless, therefore, the student has 
a good grasp of the concepts of substance and of mole- 
cule, unless he knows how to tell whether a material is a 
substance or not, and how to distinguish between 
molecules, for example, by their molecular weights, he 
will not have a solid basis for understanding what a reac- 
tion is and will be just learning dogmatic words. How- 
ever, the concepts of substance and of molecule do not 
require the concept of reaction for their development 
and can be established quite fully from such “physical” 
evidences as melting and boiling, fractionation by 
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freezing or distillation, the properties of gases, and the 
kinetic molecular theory. In this sense, the concepts 
of substance and of molecule are simpler than that of re. 
action and are basic to it. They should, therefore, be 
developed first. 

The concept of reaction leads, of course, directly to 
that of atoms and atomic weight. Atoms come to our 
attention mostly in the form of molecules, but the cop. 
cept of a molecule can, as we have seen, be developed 
without recourse to atoms. The atomic weight cannot 
be deduced from purely chemical evidence which, at 
best, gives the combining weight. Nor can it be ob- 
tained directly without considerable speculation from 
physical evidence, such as mass spectrograph data which 
deal with ions, not atoms. The atomic weight can, 
however, be readily obtained if molecular weights are 
known, either by showing from combining volumes that 
the common elemental gases are at least diatomic or 
by considering the smallest weight of an element con- 
tained in the molecules of its compounds. Therefore, 
molecular weight logically precedes atomic weight. 
Molecular weight can be readily measured in the case 
of gases on the basis of Avogadro’s Principle. For 
most substances one needs, however, some other 
method, and the colligative properties seem to be the 
most suitable for nonelectrolytes. Thus, we treat 
molecules, molecular weights, and colligative proper- 
ties before reactions, atoms, and atomic weights. 

A concept such as equilibrium, which is fundamental 
to almost all considerations, should be introduced early 
and in connection with examples which are as simple 
as possible. Such examples are obviously not chemical 
reactions, which in themselves are unfamiliar, but the 
simple freezing of water, solubility, vaporization, and 
so on. Once equilibrium and Le Chatelier’s Principle 
have been solidly established for these phase equilibria, 
they can be extended to chemical systems, both homo- 
geneous and heterogeneous. The concept of equilib- 
rium is emphasized throughout our sequence although 
this is not shown in the list. 

Similarly, the concepts of dynamic equilibrium, and 
of activation energy can be developed when vapor- 
liquid equilibrium is discussed in terms of molecules. 
Later they are readily applied to chemical processes. 

We have found that if the concepts of substance, 
molecule, molecular weight, dynamic equilibrium, and 
Le Chatelier’s Principle are firmly established, the dis- 
cussion of reaction stoichiometry and chemical equilib- 
rium is very easy on the basis of a few typical examples. 
All the basic ‘‘physical” material required may be found 
in most freshman courses, but scattered throughout 
the year. By bringing it together into the first ten 
weeks, we have not subtracted much from the total 
time devoted to ‘‘chemistry’”’ but rather have consoli- 
dated the latter and made the treatment easier. 

The same approach applies to more complicated 
topics. For example, the periodic table is generally 
used to show the regularity of properties of elements. 
If it is given early, before the student is familiar with 
many of these similarities, it becomes just a dogmatic 
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tabulation. If, on the contrary, the student is already 
familiar with many facts, it becomes a nice way of system- 
atizing much of this knowledge and a good basis for 
going further. 

When we come to atomic structure, we have to talk 
about atoms in terms of electrons and nuclei. These 
concepts should therefore have been studied earlier so 
that the student can use them freely. They can be 
well developed, however, without information about 
atomic structure. Thus, the concept of the atom 
comes from the study of molecules and reactions, the 
concept of the electron from the study of electricity and 
of electrolytes, and the concept of the nucleus from the 
study of radioactivity. 

The first-year program generally includes not only 
the fundamentals of structure and behavior of matter, 
but also some information about industrial processes 
and everyday applications. Most of these turn out to 
be highly complicated, sometimes little understood, 
and generally involve a great variety of principles in 
every operation. 

Thus, for example, the biosynthesis of proteins is not 
at all understood. On the other hand, water soften- 
ing, while relatively well understood, involves such a 
multitude of factors as the solubility of electrolytes, 
solubility of gases, weak acid-base equilibrium, com- 
plex-ion formation, ion exchange, silicate and polymer 
structure, soap and other detergents. In order to dis- 
cuss it intelligently and to answer fully the questions of 
students, who often know a great deal of what is 
actually done, these basic concepts should be well es- 
tablished beforehand. And the same is true of most 
other processes. Therefore, with a few exceptions, we 
feel that the serious study of applications should come 
after the general groundwork is given, although some 
applications may be thrown in earlier as spicing. 

These few examples illustrate the kind of considera- 
tions which guided us in deciding on a sequence of 
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topics. We feel that by this organization we can cover 
the topics normally treated and yet lead the student 
from the simple to the complicated and give him a solid 
basis for each successive step, thereby avoiding in large 
measure dogmatic statements of anything but fact. 


‘MILLS COLLEGE MEETING 


The Northern California Section of the PSACT held 
a meeting at Mills College on October 21, 1950. 

Three speakers took part in a symposium on the sub- 
ject Analytical Chemistry—How Should It Be Taught? 

R. W. Bremmer of Fresno State College outlined 
the historical development of analytical chemistry. 
He considered the qualities and abilities that industry 
finds desirable in analytical chemists, and described 
the courses being given at Fresno State College to 
satisfy these needs, and also to satisfactorily care for 
the premedical and nonprofessional students. He 
spoke of the continued development of the courses to 
meet these various types of students. 

John H. Wise of Stanford University described 
Stanford’s curriculum in the field of analytical chem- 
istry and the several courses developed to satisfy the 
various needs. He gave particular emphasis to recent 
changes in the content of several of the courses designed 
to prepare the professional student more satisfactorily 
(chemist, chemical engineer, premedical, or mineralogi- 
cal student) for his life work. 

Louis Lykken of Shell Development spoke from the 
industrial viewpoint. In most respects he agreed with 
the other speakers on the symposium. However, he 
emphasized several points such as the need for experi- 
enced laboratory teachers, and the fact that safety 
should be stressed more than it is. He outlined types 
and amounts of work that he thought would be desir- 
able in the training of an industrial chemist. 


AWARD IN CHEMICAL EDUCATION 


Nominations for the Scientific Apparatus Makers 
Award in Chemical Education must be in the hands of 
the Secretary of the American Chemical Society (1155 
Sixteenth St., N. W., Washington 6, D. C.) by June 1. 

Any member of the Society may submit one nomina- 
tion, which must be accompanied by eight copies of: a 
biographical sketch of the nominee, a list of his publica- 
tions, a specific identification of the work on which the 
nomination is based, and an evaluation and appraisal of 
the nominee’s accomplishments to be recognized in the 
Proposed award. 

A nominee must have made outstanding contribu- 


tions to chemical education considered in its broadest 
meaning, including the training of professional chem- 
ists; the dissemination of reliable information about 
chemistry to prospective chemists, to members of the 
profession, to students in other fields, and to the general 
public; and the integration of chemistry into our educa- 
tional system. Such activities may lie in the fields of 
teaching (at any level), organization and administra- 
tion, influential writing, educational research, the 
methodology of instruction, establishment of standards 
of instruction, and public enlightenment. Preference 
is given to U. S. citizens. 
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Tue changes which may occur during the preparation 
of food for freezing and during the subsequent freezing, 
storage, and thawing of the prepared food are physical, 
chemical, and physicochemical. Physical changes in- 
clude crystallization, expansion, and desiccation. 
Chemical changes may be classified as (a) ordinary 
chemical actions, (b) those caused by enzymes, and (c) 
those brought about by microorganisms (bacteria, 
yeasts, and molds). 

Chemical changes are of many types and usually 
occur simultaneously with each of the other two types 
of changes. Oxidation of pigments and catecholtan- 
nins, hydrolysis of fats and other esters, and dehydra- 
tion or denaturation of proteins are examples of 
chemical changes which often occur in frozen foods. 

Both fruits and vegetables are composed of living 
matter and consequently respire. That is to say, 
after harvest they continue to take up oxygen and give 
off carbon dioxide. This action causes a decrease in 
sugar content which is especially noticeable in peas and 
corn. Bruising and freezing both cause mixing of the 
cell contents and an abnormal respiration which may 
bring about the development of off-flavors. During 
vining (threshing) both peas and lima beans are severely 
bruised. This bruising mixes the cell contents and 
causes rapid “abnormal” enzyme actions which cause 
the quick development of off-flavors in the vined 
vegetables unless they are promptly heated to inactivate 
enzymes (blanched) or chilled. 

Commercially, vegetables are blanched preparatory 
to freezing. This treatment kills the tissues and in- 
activates catalase and a considerable portion of the 
other enzymes so that enzyme actions, and conse- 
quently respiration, are very greatly reduced during 


1 Abstract of an address presented at the Twelfth Summer 
Conference of the New England Association of Chemistry 
Teachers, University of Connecticut, Storrs, Connecticut, 
August 25, 1950. 


CHEMICAL PROBLEMS ENCOUNTERED IN 
FREEZING FOODS' 


DONALD K. TRESSLER 

Food and Container Institute for the Armed Forces, 
Research and Development Branch, Office of the 
Quartermaster General, Chicago, Illinois 


freezing, cold storage, and thawing. As yet no one 
has shown what enzymes are responsible for the loss of 
color and changes in flavor of unheated frozen vegetables 
during cold storage. Practical experimentation has 
demonstrated that it is necessary to heat the vegetables 
long enough to inactivate catalase completely and to 
destroy practically all of the peroxidase or else “hay 
flavors’ will develop during storage at 0°F. or above. 

Although heating in boiling water or steam is neces- 
sary to destroy enzymes and thus prevent the loss of 
color and change of flavor during freezing and subse 
quent storage, this treatment dissolves out an ap- 
preciable proportion of the water-soluble nutrients and 
flavors. The losses of ascorbic acid (vitamin C) and 
sugar are particularly notable. The longer the blanch- 
ing the greater the losses; therefore it is of considerable 
importance to blanch vegetables just long enough to 
inactivate the enzymes. Steam-blanching leaches out 
less ascorbic acid and other water-soluble nutrients 
than does water-blanching, but unfortunately stean- 
blanching does not give as uniformly desirable results 
with leafy and some other vegetables. 

Fruit usually is not heated; consequently, enzyme 
actions often give trouble during freezing and also 
during cold storage and thawing. Freezing and cold 
storage even at low temperatures do not inactivate 
any of the common enzymes; when returned to ord 
nary temperatures their activity is found be to unim- 
paired. Enzyme actions are markedly slowed down at 
cold storage temperatures; in general, the lower the 
temperature, the slower the rate of action. 

Oxidative enzyme actions are particularly objet 
tionable in cold-stored fruit, since these actions caus 
darkening and changes in flavor. Frozen peaches, 
apricots, apples, pears, and sweet cherries are partic 
larly subject to oxidation by enzyme action. In some 
instances these fruits are heated with steam in order t 
inactivate oxidative enzymes prior to freezing. I 
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other processes sulfur dioxide, sulfites, or ascorbic acid 
are added to the fruit. Sulfur dioxide and sulfites im- 
art an objectionable flavor to the fruit but ascorbic 
acid actually improves both its flavor and nutritive 
yalue; furthermore, the fruit will not become dis- 
colored or changed in flavor until almost all of the as- 
corbic acid is oxidized. 

In the case of many fruits which are not so easily 
changed in color and flavor by oxidation, sugar or sugar 
sirup is commonly added to retard enzymatic action. 
The action of the sugar is not perfectly understood, but 
it surrounds the fruit with sirup or sweetened juice, 
thus preventing intimate contact of the fruit with air. 

Both oxidative and lipolytic enzymes give trouble 
during the cold storage of fish. Oxidative enzymes are 
particularly troublesome in the case of fatty fish such as 
mackerel and salmon. Fish oils are highly unsaturated 
and readily combine with oxygen, becoming discolored 
and rancid. Frozen whole fish may be protected 
against oxidation by glazing. This is carried out by 
dipping the frozen fish in cold water, thus forming a 
protective film of ice (glaze) over the surface. During 
storage this ice film slowly sublimes; consequently it is 
necessary to repeat the glazing operation every two or 
three months. 

Fish fillets are sometimes dipped in an ascorbic acid 
solution prior to freezing in order to coat the fish with 
an antioxidant and thus prevent oxidation. Glazing 
with an ascorbic acid solution is even more effective. 

Proper packaging is also of great importance in re- 
tarding both chemical and enzymatic changes, es- 
pecially oxidative changes. The relative humidity of 
cold storages is often low, because of the condensation 
of the moisture on the refrigeration coils (ammonia 
pipes). Consequently, unless the food is packaged in 
airtight or moistureproof packages, there is a slow 
movement of moisture from the product to the re- 
frigeration coils. This loss of moisture from the sur- 
face of poultry, meat, and fish causes freezer burn. 
The loss of this protective film of moisture exposes the 
surface to oxidation which is often severe. If paper 
packages are used for frozen foods, it is necessary to 
make them impervious to moisture vapor, and, pref- 
erably, also to air. In some instances this is done by 
lining or covering them with moistureproof cellophane, 
pliofilm, or a plastic sheeting. In other packages this 
is accomplished by coating or lining them with a suit- 
able wax or other plastic. For some products, e. g., 
fruit juices, glass or metal packages are used. 

Bacteria, yeasts, and molds are active at ordinary 
room temperatures, 70° to 80°F., multiplying rapidly 
and causing profound changes in both fruits and 
vegetables. As the temperature is lowered, the rate 
of growth of these organisms is rapidly reduced until, 
at about 15°F., their growth becomes negligible. Since 
frozen foods are ordinarily stored at temperatures 
below 15°F., the action of microorganisms is a hazard 
only before freezing and during and after thawing. 

The physicochemical and colloidal changes occurring 


are, probably equal in importance to the chemical 
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changes. The changes in the colloidal condition of 
frozen foods are profound, but not well understood. 
Meat, poultry, fish, and shellfish are all made up of 
jelly-like protoplasm—a gel, to the colloid chemist. 
To fix the original spatial distribution of the colloid 
the rate of freezing must be rapid enough to form 
minute crystals uniformly distributed throughout the 
tissue. If such a quick-frozen product is thawed im- 
mediately, the moisture is reabsorbed as the crystals 
melt. If, on the other hand, the freezing is very slow, 
or the quick-frozen product is held under conditions 
which permit either the growth of the crystals or the 
irreversible dehydration or denaturation of some of the 
proteins, the product does not entirely return to its 
original gel condition. Some of the liquid resulting 
from the thawing of the crystals leaks out as ‘‘drip’’ or 
“leakage.” 


OFFICIAL BUSINESS 


The 257th Meeting of the New England Association 
of Chemistry Teachers was held on Saturday, October 
14, 1950, at the Nashua Senior High School, Nashua, 
New Hampshire. Approximately 50 persons attended 
the meeting. 

Marco Scheer, Chairman of the Northern Division, 
presided. He introduced Edmund M. Keefe, Head- 
master of the Nashua Senior High School, who brought 
greetings to those present and spoke briefly on the ways 
in which the senior high school is attempting to fit its 
program to the individual student. 

The first paper of the morning was delivered by 
Geoffrey Broughton of the Lowell Textile Institute, 
who spoke on “Paper, an old product with an ex- 
panding future.’’ Professor Broughton outlined briefly 
the history of the paper industry and then drew atten- 
tion to the many new uses to which paper is being put. 
He brought with him a large number of samples to illus- 
trate these various new uses. 

The second speaker was William C. Tallman, Techni- 
cal Assistant for the Public Service Company of New 
Hampshire, who spoke on the “Mercury vapor tur- 
bine,’”’ discussing the theory behind its operation and 
showing under what circumstances such a steam tur- 
bine would be used. 

After the luncheon, opportunity was given for in- 
specting the school. Particularly interesting were the 
machine, wood-working, and automobile shops, as 
well as the laboratories for home economics, chemistry, 
biology, and physics. 

A business meeting was called to order by the Presi- 
dent, Helen W. Crawley. For the Membership Com- 
mittee, the Secretary reported the election of the 
following new member: 


Miss Rita P. Landry, Chemistry Teacher, Lowell High School, 
Lowell, Massachusetts. 


Miss Crawley announced that she has been mad: a 
member of the Committee in charge of the Massa- 
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chusetts State Science Fair. This Committee has met 
with a representative from the Boston Globe in an effort 
to clear up the misunderstanding which arose last year 
because the fair was known as the Boston Globe Science 
Fair. The Boston Globe has pointed out that it is 
under an expense of several thousand dollars in sponsor- 
ing this fair, and that since it has assumed this financial 
responsibility it feels that it is only right that the name 
of the paper should be associated with the project. 
The Globe and the Committee have agreed, therefore, 
that the fair shall be called ‘“The Massachusetts Science 
Fair, Sponsored by the Boston Globe.” It is hoped 
that in this way science teachers will realize that the 
fair is definitely for the entire state and that the 
Boston Globe is acting simply to underwrite the ex- 
penses for it. There were other comments from the 
floor indicating appreciation of the willingness of the 
Globe to assume such a financial burden for the sake 
of holding the fair. 

The last speaker of the day was Albert F. Daggett, 
Professor of Chemistry and Dean of the Graduate 
School at the University of New Hampshire. Dr. 
Daggett spoke on “Element 61.”’ After a brief sur- 
vey indicating the position occupied by element 61 
in the periodic system, Dr. Daggett discussed the 
recent work which has been done at the University of 
New Hampshire in an effort to establish whether this 
element exists in nature or not. He discussed methods 
followed in the research work utilizing ion-exchange 
resins. He closed by stating that there is so far no 
conclusive proof of the existence of the element in na- 
ture, but at the same time it should be recognized that 
there is no proof of its non-existence. Work continues 
on the problem. 

The 258th Meeting of the New England Association 
of Chemistry Teachers was held at Simmons College, 
Boston, Massachusetts, on December 2, 1950, as a 
joint meeting with the Eastern Association of Physics 
Teachers and the New England Biological Association. 
Ina Granara, Chairman of the Central Division, pre- 
sided. This was an unusually large meeting, over 200 
people attending. The room originally assigned could 
not hold the group and it was twice necessary to move 
to larger rooms. 

The meeting was opened with greetings by John A. 
Timm who is Director of the School of Science at Sim- 
mons College. 

Clarence C. Little of the Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine, spoke on ‘Cancer 
research and the secondary schools.’ Dr. Little’s 
chief thesis was that in the present unsettled condi- 
tions it is particularly necessary to awaken the interest 
in research in the brilliant student while he is still 
young enough to have uninterrupted opportunity for 
doing something of this sort, and he pointed out that 
such an opportunity for research is being offered at the 
present time at the Jackson Memorial Laboratory. 

I. Bernard Cohen of Harvard University spoke on 
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“General education in the sciences.” In a brilligy 
and inspirational address which deplored the presen, 
day emphasis on the gadgets and literature of learning 
he begged teachers to stress critical thinking. Through 
analogies drawn from various personalities, situation, 
and theories in the history of science, Professor Cohe, 
developed his thesis that we must cease asking students 
to “learn and learn and learn,” and that we must, ip. 
stead, endeavor to train them to see what they really 
see, not what they think they should observe, and ty 
think critically about the observations which they 
have made. 

The last speaker of the morning was Royal \, 
Frye, Head of the Physics Department, Simmoy 
College. Professor Frye gave a very clear review of 
“Physics in 1950,” and in the time at his disposy 
elaborated on some of the more important points. 

The afternoon session opened with an address by 
Hollis S. Baird of Northeastern University who spoke 
on “A review of television, past, present, and future,” 
In addition to giving a very comprehensive survey o 
the problems and techniques of television with special 
emphasis on ‘color television, Dr. Baird demonstrated 
projection television and made it possible for the 
audience to see the last few minutes of the Army- 
Navy game. This innovation was received with con- 
siderable enthusiasm. 

Following Dr. Baird’s lecture, President Helen W. 
Crawley called a short business meeting. The Treas 
urer reported that to date (December 2) there are 44 
members who have paid their dues, and that of these, 
328 have sent a 50-cent contribution for the New 
Letter. This makes the News Letter solvent for the 
year. In the absence of the secretary there was no re 
port of the Membership Committee. 

It was announced that the dates for the Masse 
chusetts Science Fair have been set for May 4, 5, and6, 
1951. 


SUMMER CONFERENCE COMMITTEE 


The Thirteenth annual summer NEACT conference 
is planned for the week of August 19, 1951, and will b 
held on the campus of Rhode Island State College, 
Kingston, Rhode Island. President Helen W. Crav- 
ley has announced the appointment of the following 
committee: 


Co-Chairmen 
Donald C. Gregg, University of Vermont. 
William S. Huber, Rhode Island School of Design. 


Secretary 
Elizabeth W. Sawyer, Connecticut College. 


Registrar and Treasurer 
Virginia W. Duval, Catonsville High School, Catonsville, 
Maryland. 


Assistant Registrar 
Dorothy Abel, Brookline High School, Brookline, Mass 
chusetts. 


i 
Comm: 
Repre 
Isl 
Publi 
fiel 
Moti 
Socia 
Ange 
Hele’ 
Stan 
Rob 
Clin 
+ 
Tt 
| 
7 
(Oct 
boar 
to w 
lin 
clam 
and 
By 
ard 
is i 
any 
y 
¥ 


onsville, 


MARCH, 1951 


Committee Chairmen 
ive of Host Institution: W. George Parks, Rhode 
Island State College, Kingston, Rhode Island. 
Publicity: Rev. Leo J. Daily, St. Thomas Seminary, Bloom- 
field, Connecticut. 
Exhibits: George Deckey, Rhode Island, School of Design. 
Printing and Mailing: Leslie A. Hallock, W. M. Welch Sci- 
entific Company, Worcester, Massachusetts. 
Motion Pictures: Ralph Di Mattia, Dorchester, Massachusetts. 
Social Events: Ruth R. Jefferson, Branford, Connecticut. 


Committee M embers 

Guy F. Burrill, Keene, New Hampshire. 

Angelica Courniotes, Chicopee Falls, Massachusetts. 

Helen W. Crawley, NEACT President, ex officio, Walnut 
Hill School, Natick, Massachusetts. 

Standish Deake, Woodstock Country School, Woodstock, 
Vermont. 

Robert D. Eddy, Tufts College, Medford, Massachusetts. 

Ruth H. Ellis, Vassar College, Poughkeepsie, New York. 

Rose Finkelstein, Woodbury, Connecticut. 

Clinton S. Johnson, Rhode Island College of Pharmacy, 
Providence, Rhode Island. 


To the Editor: 

The article by A. H. Kunz (Tus Journat, 27, 568 
(Oct., 1950)) on the adaptation of a standard key- 
board typewriter for use by a chemist prompts me 
to write concerning my own experience. Some dozen 
years ago, it was pointed out to me that if the shift key 
is only slightly depressed, the lower case letters and 
numbers will be written as subscripts to the normal 
line. If one wishes, one can make a special key and 
clamp it onto the frame so that it will depress the 
shift key only the proper distance. With such a device, 
one can write subscripts with no more effort than writing 
capitals. A chemical formula, such as CyH2Oun, or a 
special symbol such as P, or bs may be written directly 
and consecutively without resort to turning the platen. 
By using the special key depressed to make the stand- 
ard line, superscripts will be written when the shift 
is in either of its normal positions. I have had little 
occasion to use this system, but it is capable of raising 
any lower case letter or number to any lower case 
letter, upper case letter, or number power. 

When I looked over my own portable to make plans 
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Bernard S. Jurale, Meriden, Connecticut. 

Alfred R. Lincoln, Western Massachusetts College of Phar- 
macy, Willimansett, Massachusetts. 

Russell Meinhold, Rhode Island College of Education, Provi- 
dence, Rhode Island. . 

Katherine M. Murphy, Dorchester, Massachusetts. 

Andrew J. O’Connell, Worcester Academy, Worcester, Massa- 
chusetts. 

Marian Stine Sowers, Somerville, New Jersey. 

Walter G. Stewart, Springfield, Massachusetts. 

Louise O. C. Swenson, Lynn, Massachusetts. 

Carl P. Swinnerton, Pomfret School, Pomfret, Connecticut. 

Elbert C. Weaver, Phillips Academy, Andover, Massachusetts. 

Roland M. Whittaker, Queens College, Flushing, New York. 

Iugene C. Winslow, Rhode Island State College, Kingston, 
Rhode Island. 


The summer conference program will be printed in 
the June, 1951, issue of THis JourNaL. The confer- 
ence is open to all, members and non-members alike. 
Inquiries should be addressed to the Conference Secre- 
tary, Miss Elizabeth W. Sawyer, Scotland Road, Nor- 
wichtown, Connecticut. 
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Shift Lock and Shift Key 
The solid circle represents the pin fixed to the frame which locks the shift 
down when the shift lock key is caught underit. The cross-hatched portion 
represents the notch filed to stop the shift in a partially depressed position 
when it catches against the pin. 


for such a key, I found that a new key was not required. 
All I had to do was file a notch at the proper spot on 
the under side of the shift lock. Now, by pressing 
the notched lock forward and then down, I can set the 
platen in the proper position for subscripts. By 
pressing it down and then forward, it operates normally 


| 
brillian; 
present. | 
learning 
Through 
tuations 
or Cohen | 
students 
nust, in- 
CY really 
and ty 
ich they 
oyal M 
Simmons 
eView of 
disposal 
ts. 
lress by 
10 spoke | 
future,” 
Irvey of 
L special 
nstrated 
for the 
ith con- 

elen W. 7 
Treas. 
f these, 
e New 
for the 
S no re 
Masse | 
, and 6, 
ference 
will be 
Yollege, 
Crav- 
llowing 
Masse 


172 


as a shift lock. I have no idea of the number of type- 
writers that can be similarly adapted, but if such a 
change can be made, I would recommend it highly. 
Correspondence from the manufacturers advised me 
that this scheme is a very poor one, for the keys con- 
tact the platen at an angle when the shift is partially 
depressed. They predicted that my machine would 
be very quickly ruined, for their keys are designed to 
strike squarely against the platen. All I can say is 
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that they make a stronger machine than they realize 
for I have pounded mine steadily (and hard) for gj 
least twelve years. The present indications are tha 
it will be corrosion by chemical vapors and not erosion 
by chemical formulas which eventually puts my 
machine in the discard. 

Rosert D. Eppy 
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Keceut- Books 


s COLLEGE CHEMISTRY 


Linus Pauling, Professor of Chemistry in the California Institute 
of Technology. W. H. Freeman and Company, San Francisco, 
1950. x+705pp. 213figs. 37tables. 16 X 24cm. $4.50. 


Tuose who have used Pauling’s ‘“‘General Chemistry” will wel- 
come this new book because it fulfills very well the purpose of the 
author to furnish a first-year chemistry text “written in a more 
slowly paced, less mathematical form.” Although the entire 
book has been reset in a more easily read type, and new and im- 
proved illustrations have been added, much of the older book re- 
mains. 

The most radical change has been the treatment of gases and 
the gas laws. These subjects are considered much earlier than in 
“General Chemistry,” and much discussion is devoted to the 
physical behavior of gases before the gas laws are presented in 
detail. The perfect gas equation is deferred until after a thorough 
treatment of Boyle’s and Charles’ Jaws. Discussion of van der 
Waals’ equation has been deleted. 

Other outstanding changes include a chapter devoted to the 
chemistry of the common elements, introduction to biochemistry 
and more detailed treatment of photography, including color 
photography. Chromium and manganese are considered with 
the other transitional metals in a chapter much nearer the end of 
the book. The principle of Le Chatelier has been shifted to the 
chapter on water and is illustrated by reactions involving water 
softening by a zeolite. The equilibrium between nitrogen dioxide 
and dinitrogen tetroxide is also used to discuss this important 
principle in a combined chapter on chemical equilibrium and the 
rate of chemical reaction; it is further discussed and illustrated 
by heat of solution. 

The discussion of molar, normal, and molal solutions has receded 
to the conventional, and it is with a twinge of lament that one 
reads the footnote on page 340: ‘‘A few authors have used mo- 
lality as the moles per liter of solution, but this usage has not been 
accepted.” The term “formality,” has been retained to express 
the number of gram formula weights per liter of solution. More 
confusion is likely to result from the use of ‘‘molar freezing point 
constant” (“weight-molar, moles per 1000 g. of solvent”’), on page 
349, than the use of molal freezing point constant in the earlier 
book, even though, for Pauling, molal had a different meaning. 
Pauling addicts will find that cyanuric triazide is notably absent. 

A discrepancy carried over from the earlier book appears in 
discussions of the diameter and radius, respectively, of the elec- 
tron. The diameter (page 35) is given as 10-12 em., while the 
radius is correctly stated (page 71) to be “‘about 1 X 10-!2 em.” 
Again on page 575 gasoline is stated to be a “‘heptane-to-nonane 
mixture” while on page 579 appears ‘‘...normal hexane (gaso- 
| ae ” Another misprint, is this statement (page 50): 
“The randomness of structure usually causes the density of a 
liquid to be somewhat less than that of the corresponding crystal; 
that is, the volume occupied by the liquid is usually somewhat /ess 


than that occupied by the crystal.” Misprints, are however, in- 
frequent and most of the rare misprints in the earlier book have 
been corrected in this one. 

This is one of the first elementary texts to list and discuss ele- 
ments 97 and 98, and to incorporate the decisions of the Septem- 
ber, 1949, meeting of the International Union of Pure and Applied 
Chemistry. The hydrogen bomb is discussed in a subchapter 
relating nuclear fission and nuclear fusion. The name of Celsius 
has been mentioned with the Centigrade thermometer scale, but 
the latter term is not discarded. 

A conscientious effort has been made to clarify many of the more 
difficult passages which puzzled students in the first text, but 
curiously enough this gem of clarity has been retained (page 347): 
“At constant temperature, the partial pressure in the gas phase of 
one component of a solution is, at equilibrium, proportional to the 
concentration of the component in the solution, in the region of 
low concentration.”’ Fortunately, Pauling’s own translation 
follows: ‘This is equivalent to saying that the solubility of a gas 
in a liquid is proportional to the partial pressure of the gas.” 
(Henry’s Law). 

Pauling’s new book will not be easy reading for many college 
freshmen. Nevertheless, many students of only average ability 
in chemistry will find the book extremely interesting, and instruc- 
tors will find that, in many cases, the teaching from Pauling wil 
not be more difficult than that from other, less exacting, texts. 
Dr. Pauling’s new book should prove very successful in any course 
on the freshman level in which quality of concepts is important. 
In any case, a student using this book will receive an excellent 
introduction to the “‘science of substances,” and be well prepared 
for advancement in later science courses. 

The impact of the Pauling texts on college chemistry teaching 
will be felt for a long time. It is with much interest that we now 
look forward to the rewriting of the more advanced “General 
Chemistry.” 

JOHN M. FLOWERS, JR. 

Tue CoLueGe or WILLIAM AND Mary AND 

Tue PoLyTecanic INSTITUTE 
8, VIRGINIA 


& MODERN GLASS WORKING AND LABORATORY 
TECHNIQUE 


M. C. Nokes. Chemical Publishing Co., Inc., Brooklyn, New 
York, 1950. xiii +157 pp. 96 figs. 13.5 X 20.5cm. $3.75. 


Tuis is a valuable little book, especially for teachers who findit 
necessary to do their own laboratory constructional jobs (and who 
doesn’t?). Not only does it explain and illustrate the principal 
types of glass-working operations—for soft glass as well as boro- 
silicate—but it also deals with such topics as sealing metals into 
glass, electric welding, vacuum tubes, photoelectric tubes, and 
vacuum technique. 
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@ . | PHYSICAL CHEMISTRY FOR PREMEDICAL STUDENTS 


John Page Amsden, Professor of Chemistry, Dartmouth College. 
Second Edition. McGraw-Hill Book Company, Inc., New York, 
1950. xi+3l7pp. S4figs. 38tables. 16 X 23cm. $4.25. 


Tue first edition of this book [reviewed in Tus JouRNAL, 23, 
362 (July, 1946)] appeared four years ago, designed as a text for 
a one-semester course primarily for students who hope to study 
medicine. In the new edition, the plan is much the same as in 
the old. 

The obvious changes are two in number: the addition of a 
chapter on thermodynamics, and a complete rewriting of certain 
material, formerly classed under a variety of headings, in a single 
unified treatment of protolytic reactions. Otherwise, the 
principal changes involve omissions of some material which ex- 
perience has shown to be of comparatively little value to the 
student, clarification of expression in several places, and cor- 
rection of errors and misleading statements which appeared in 
the first edition. Answers to the problems at the ends of the 
chapters have been omitted from this edition. 

Whether or not it is wise to attempt to introduce thermo- 
dynamics formally into a course of this sort is a matter of opinion. 
Certainly, very little time at best can be devoted to the subject in 
such a course, and the student will not usually have the mathe- 
matical background ordinarily considered necessary for this sub- 
ject. Given these limitations, the treatment presented here is 
quite satisfactory. Since later chapters are written so that 
they can be understood even without this material, its inclusion 
does no harm and will doubtless be helpful to those teachers who 
feel (as at least a few do) that some exposure to thermodynamics 
is desirable even in the brief course for which this book is intended. 

The other major change, in the treatment of protolysis, meets 
with this reviewer’s hearty approval. In the earlier edition, as 
in many similar books, equilibria involving proton transfers were 
discussed under a variety of heads, such as ionization of weak 
acids, weak bases, and water, hydrolysis of salts, etc. Here the 
various reactions of this sort are considered under a single head- 
ing. This unification becomes particularly helpful when quanti- 
tative aspects of the subject are discussed, because the various 
“econstants’’ are clearly shown to be special cases of a single 
general principle. Unless the student has been thoroughly con- 
fused by less enlightened teaching in his earlier courses he should 
be able to handle this important material without much diffi- 
culty when it is presented in this manner. 


WILLIAM E. CADBURY, JR. 
Haverrorp 
Haverrorp, PENNSYLVANIA 


e METHODS OF QUANTITATIVE MICRO-ANALYSIS 


Edited by R. F. Milton, Consultant Analytical and Biochemist, 
Welbeck Way, London, and W. A. Waters, Fellow of Balliol 
College, Oxford; University Lecturer in Organic Chemistry, 
Oxford University. Longmans, Green & Co., Inc., New York, 
' viii + 599 pp. 169 figs. 21 tables. 15.5 X 23.5 cm. 


Conrrisutors to this volume include not only the editors but 
also G. Ingram, Microanalyst, Courtaulds’ Fundamental Research 
Laboratories; J. T. Stock, Norwood Technical Institute; K. M. 
Wilson, Physiological Chemist, Ministry of Supply. 

_ The book should be read in the light of the editors’ observation 
in the preface that: ‘very few, if indeed any, micro-chemical 
techniques are as yet generally taught to the average chemistry 
student, and most unfortunately it has happened that many of 
the extremely valuable micro-analytical procedures have been 
developed by such extreme specialists that even the average pro- 
fessional analyst is not even now fully conversant with them or 
aware of their wide potentialities.” It is intended to supplement 


the standard works on analytical chemistry and to describe and 
review the application of standard analytical procedures to the 
microchemical field. In this it is very successful and the frequent 
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tabular summaries of methods, procedures, etc., are among its 
most valuable features. 

The book is divided into six parts, devoted respectively to: 
gravimetric apparatus and general microchemical techniques; 
microanalysis of organic compounds; volumetric analysis; 
colorimetric analysis; electrochemical methods; gasometric 
methods. It is probably too much to expect a book of this kind 
to cover exhaustively the many specialties in such a broad field, 
even with the combined efforts of five collaborators. 

There are very few references to work published within the last 
five years, during which time there has been considerable progress 
in this field. One finds no mention, for example, of Kirk’s many 
contributions to microchemical techniques, or the important 
developments in ion exchange separations, a subject which is dis- 
posed of in half a page. Modern instruments are covered very 
imperfectly. No spectrophotometer is even mentioned, and one 
gets a very inadequate impression of the possibilities of photo- 
electric colorimeters, recording polarographs, and glass electrodes. 
The colorimetric determination of pH probably does not deserve 


‘to be disposed of quite so pessimistically. 


The authors have tried to limit their discussion to those 
methods which they have personally verified, and this is probably 
the reason why some methods seem to be over-emphasized while 
others have been neglected. Nevertheless, the collection of such 
a wide variety of material, presumably evaluated critically, makes 
this a useful reference source, particularly for students of analyti- 
cal chemistry. 

NORRIS W. RAKESTRAW 

Scripps INSTITUTION OF OCEANOGRAPHY 

La CALIFORNIA 


* GAS PRODUCERS AND BLAST FURNACES 


Wilhelm Gumz, Consultant, Battelle Memorial Institute, Colum- 
bus, Ohio. John Wiley and Sons, Inc., New York, 1950. xii + 
316 pp. 14.5 X 22cm. $7. 


Tuts book is not a descriptive text on the types and methods 
of operation of gas producers and blast furnaces. Rather, it is 
an important contribution to the stoichiometry and thermo- 
dynamics of equipment in which solid fuels are gasified, which 
may be followed by subsequent reactions, as in the blast furnace. 
Section I on gas producers comprises 172 pages, Section II on 
blast furnaces is 103 pages, Section III on reaction kinetics is 22 
pages, and an appendix contains 11 pages of tabulated data. 
Because of his European background Dr. Gumz works entirely 
in the metric system. The symbols sometimes used may be un- 
familiar in American practice. 

As an example of the fundamental nature of this book, the 
second chapter deals with gas composition at equilibrium. 
Methods are given to calculate equilibrium composition for single 
reactions. This is then expanded for the general case of eight 
equations and unknowns, and methods of simplification for the 
solution are given. 

This book will be useful to chemical engineers teaching stoichi- 
ometry or thermodynamics, or interested in gasification processes. 


KENNETH A. KOBE 
UNIversitTy or Texas 
Austin, TExas 


* ANTIHISTAMINES: INDUSTRY AND PRODUCT 
SURVEY 


Nathan Wishnefsky. Chemonomics, Inc., New York, 1950. 
157 pp. 15.5 X 23cm. $5. 


Although many readers will think that the important part of 
this little book is the section dealing with antihistamines as cold 
remedies, the book goes far beyond that. The chemistry and 
biological significance of histamine itself, as well as the properties, 
structure, and preparation of the many antihistamines, is covered 
in some detail. 


| 
realize 
) for ai 
are that 
CTOSion 
uts 
Eppy 
| 
ATORY 
n, New 
find it 
nd who 
rincipal 
s boro- 
als into 
and 


174 


* ORGANIC CHEMISTRY 


Louis F. Fieser and Mary Fieser. Second edition. D. C. 
Heath and Company, Boston, 1950. xv + 1125 pp. 16 X 23.5 
cm. Text edition $7.50; trade edition, distributed by Reinhold, 
330 West 42nd Street, New York, $10. 


Tuis thoroughly revised second edition of Fieser and Fieser’s 
distinguished text, “Organic Chemistry,” has continued the 
trend of recent organic books to place greater emphasis on the 
electronic interpretation of organic reactions at the introductory 
level. The authors’ stated aim has been to ‘‘modernize the book 
by application of electronic and resonance concepts wherever 
such theoretical interpretation is well grounded and helpful.” 
The authors intend the book to be both “an introduction to or- 
ganic chemistry and a general survey of applications of organic 
chemistry to biological and medical sciences and to technology.” 
In all, the book contains 42 chapters of which chapters 1-4, 
6-12, 15-17, and 22-34 (approximately 700 of the 1100 pages) 
constitute an introductory course. The Fiesers point out that 
chapters 12, 15, 17, 30-34 contain more material than is needed 
for a first course and this reviewer heartily agrees with them. 
This second edition contains two completely new chapters, one on 
heterocycles (35 pages) and one on reaction mechanisms (25 
pages). Also it contains a 3-page appendix giving bond distances 
and energies, resonance energies, and solubility data for a number 
of compounds. Electronegativity values for several elements are 
also given. The content of the second edition has been increased 
considerably by the addition of 34 more pages, plus the adoption 
of a format that affords 3 more lines per page, and by certain 
“techniques of composition.”” Although the general approach is 
the same as that of the first edition, the authors have kept in 
mind more clearly the dual function of the book, that of serving 
as an introduction to the beginner and that of acting as a reference 
book for more advanced students. They have accomplished this 
two fold objective admirably. 

The organization of the material in the first 13 chapters is the 
same as in the first edition. However, considerable new material 

on interesting recent developments in organic chemistry has been 

added, for example, the oxo process, lithium aluminum hydride, 

nitrogen mustards, BAL, conversion of nitriles to amides by 

and chemistry of 8-propiolactone. 

The platform is set for the discussion of electronic reaction 

mechanisms by a brief consideration of electronic structure of 

several elements in the first chapter. The initial consideration 

of a reaction mechanism in any detail is on page 44, for the free 

radical chlorination of hydrocarbons. The polarized double 

bond and coordinate covalent bond are considered on pages 52 

and 53. The concept of the Lewis acids and bases is introduced 

in the chapter on alcohols (pages 139-40) and then again in the 

chapter on amines (pages 221-2). A two-page introduction is 

given to resonance in the chapter on carboxylic acids with consid- 

eration of the carboxylic group and the allylic rearrangement. 

The mechanism of esterification is considered briefly on pages 

176-7. With this gradual but brief introduction to modern con- 

cepts of reaction mechanisms the student is introduced rather 

suddenly into the subject at page 343 in the chapter on Reaction 

Mechanisms. Here in a very tightly written chapter of 25 

pages, the Fiesers present to the student the important funda- 

mentals supporting the modern concepts of organic reaction mech- 

anisms. Since a considerable amount of this space is taken up by 

tables, equations, and questions, many terms such as transition 

state, inductive effect, first order kinetics, nucleophilic. and hyper- 

conjugation are not treated in much detail. Only the exceptional 

student will be able to gain a good understanding of principles 

with which to interpret other organic reactions without consider- 

able outside help. The Fiesers do not recommend this chapter, 

14, for inclusion in an introductory course. Since the bulk of the 

discussion of reaction mechanisms (an excellent discussion of the 

mechanism of substitution and orientation in the benzene ring is 

given in chapter 24) is confined to this chapter, some instructors, 

along with this reviewer, may feel that insufficient emphasis has 

been placed on the subject of mechanisms. 
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In the second half of the book the Fiesers have been careful tj 
include the many recent organic developments, such as: Calvin 
and Benson’s work with radioactive CO; in Photosynthesis 
phthalyl synthesis of peptides, chemistry of cyclooctatetraen, 
Newman’s work on esterification of o-substituted acids, new fiben 
such as Dynel, Orlon, and Terylene, new dyes such as Khaki 2 
and Indocarbon CL, new material on cortical hormones, ant. 
malarials, and the recent work on antibiotics. 

Many of the chapters have been completely reorganized, 
For example, the chapter on steroids has been shortened in par 
by omitting some of the long syntheses and by shortening other, 
New material on the stereochemistry of the sterols has been ip. 
cluded. The chapters on rubber and quinones have also bee 
condensed. 

The first half of the new chapter on heterocycles is spent jp 
description of the different systems and a few of their basic rege. 
tions. The last half discusses the chemistry of the alkaloids, 
anthocyanines, flavones, and miscellaneous pigments. 

This book is very nicely printed, well bound, and amazingly 
free from typographical errors. Fieser and Fieser will continue to 
hold its place as one of the outstanding organic texts in the English 
language. 

CORWIN HANSCH 
Pomona CoLLEeGE 
CLAREMONT, CALIFORNIA 


* SALES AND BUSINESS FORECASTING IN CHEMICAL 
PROCESS INDUSTRIES 


Robert S. Aries and William Copulsky, Adjunct Professor of 
Chemical Engineering, Polytechnic Institute of Brooklyn, and 
Research Economist, R. S. Aries and Associates, respectively, 
Chemonomics, Inc., New York, 1950. x+132pp. 17 X 26cm 
$5. 


Tuts book presents the methods used in forecasting the change 
in economic factors in chemical industry. The ways in which 
these methods are used by a number of chemical companies and 
governmental agencies are shown. 

Unfortunately, the book is lithoprinted from sheets typed with 
light Gothic type and is difficult to read. 


KENNETH A. KOBE 
UnIversitTy or Texas 
Austin, Texas 


e EXPERIMENTS IN PHYSICAL CHEMISTRY 


Otto F. Steinbach, Assistant Professor of Chemistry, Queen 
College, Flushing, New York, and Cecil V. King, Professor o 
Chemistry, New York University, New York City. American 
Book Company, New York, 1950. vi + 250 pp. 71 figs. 48 
tables. 14 X 21cm. $3.50. 


Tus addition to the list of books dealing with the laboratory 
work of physical chemistry will be of interest especially to those 
teachers seeking an easily usable manual in that field. It gives 
brief but comprehensible directions for the performance of fifty 
experiments, each one of which would require the customary 
2-3 hour period. Thus there are about 20 experiments in excess 
of the normal year’s work and, in consequence, there is pro 
vision for considerable choice. 

The write-up of each experiment includes a concise discussion 
of the theory involved, a straightforward description of the 
procedure, with illustrative diagrams in most cases, and di 
tions regarding the tabulation and treatment of the results 
References to original papers pertinent to the subject are givel 
at the end of each experiment; it may be noted that recent 
publications have not been neglected. 

The choice of experiments is largely conventional but the 
field is covered in a highly satisfactory manner. One may mis 
such favorites as the determination of the formula of the silvet 
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diammine complex ion from freezing point measurements and 
of the rate of saponification of an ester by the conductance 
method. On the other hand, the inclusion of experiments on 
“Gyrface Active Substances,” “Interfacial Tension,” and ac- 
tivity coefficients, is to be commended. An introduction of 19 

deals with errors, significant figures, graphical representa- 
tion of data, and the use of thermometers, manometers, and 
certain other apparatus. 

The book is compact and of neat format. The cover design 
js unusual—the reproduction of a photograph of part of a distilla- 
tion system—which some might consider inappropriate on the 
jacket of a physical chemistry manual. 

The authors are to be commended for the careful preparation 
of what seems to the reviewer to be an excellent manual. 


WILLIAM B. MELDRUM 
Haverrorp COLLEGE 
HaverFORD, PENNSYLVANIA 


e CHYMIA. VOLUME 3 


Editor-in-Chief: Henry M. Leicester. University of Pennsyl- 
yania Press, Philadelphia, 1950. ix + 25l pp. 72 figs. 16 x 
24cm. $4.50. 


Tue international character of this historical annual is evident 
from the fact that Volume 3 contains articles in four languages— 
English, French, German, and Spanish. This in itself makes it 
almost unique among American publications. 

Appropriately enough, the first article, by Henry M. Leicester 
and Herbert S. Klickstein, deals with the work of the late Tenney 
L. Davis, the first editor of ‘“Chymia.” It includes a complete 
bibliography of his contribution to the history of chemistry, 
which would please Dr. Davis, who insisted upon this feature as 
an accompaniment of every good biography. 

The other outstanding articles deal with: 

The beginning of chemical instruction in America. This is 
rally an account of chemistry teaching at Harvard before 1800, 
by Bernard Cohen. 

Lavoisier’s experimental apparatus (in French), by Maurice 
Daumas. 

Some early American chemical societies. The story of two 
chemical societies which held sway for a few years in Philadelphia 
— beginning of the nineteenth century is told by Wyndham 


Robert Boyle and Pierre Bayle. George Sarton deals with the 
lives of these two under the respective subheadings, ‘“Sceptical 
Chemist” and “Sceptical Historian.” 

Henri Sainte-Claire Deville. The works of a neglected but 
brilliant French chemist are recorded by Ralph E. Oesper and 
Pierre Lemay. 

Bunsen’s “lecture”? on general experimental chemistry (in 
German), by Heinrich Rheinboldt. This was in reality a course 
of about 100 lectures which Bunsen gave at Heidelberg for a 
period of 74 consecutive semesters. A study of his methods and 
his ingenuity in overcoming difficulties will be well rewarding to 
present-day teachers of this subject. 

NORRIS W. RAKESTRAW 

Scripps INSTITUTION OF OCEANOGRAPHY 

La CALIFORNIA 


CELLULOSE ACETATE PLASTICS 


Vivian Stannett. Temple Press, Ltd., Bowling Green Lane, 
London, E.C.I., 1950. xxiv + 325 pp. 197 figs. 57 tables. 
145 X 22cm. 30/-. 


Tus appears to be the first book devoted entirely to cellulose 
acetate plastics which, the author states, are the most versatile of 
all plastic materials in methods of application. Cellulose acetate 
Plastics reached in 1946 a peak production in the U. 8. A. of 103 
million pounds, of which more than 80 per cent was used for 
molding and extrusion. 
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While the commercial manufacture of acetate rayon began in 
1919, the utilization of cellulose acetate as a plastic did not find 
success until about 10 years later—after the development of suit- 
able plasticizers for it. In the succeeding 20 years a wealth of 
information relating to this plastic has been made available in the 
technical literature. 

The author of this volume exhibits thorough familiarity with 
both British and American processes and applications._ His illus- 
trations and references are drawn about equally from the two 
sides of the Atlantic. He has brought together a great amount 
of useful information, with an extensive bibliography, covering 
all aspects of cellulose acetate as a plastic. These include its 
manufacture, the production of film, sheet and molding powder, 
its fabrication and finishing, and the specific applications of its 
various forms. The chemical and the mechanical features of the 
subject are treated with apparently equal competence. This 
reviewer found the sections dealing with plasticizers and with the 
properties of cellulose acetate plastics particularly interesting and 
valuable. 

This book is written in a clear, intelligible style and the print- 
ing, including the many illustrations, is excellent. It can be 
recommended as a thorough and authoritative treatment of the 
subject from the industrial viewpoint. 

HARVEY A. NEVILLE 
Lenten UNIVERSITY 
BeruLenem, PENNSYLVANIA 


* THE CHEMISTRY OF THE ACETYLENIC COMPOUNDS 
VOLUME II: THE ACETYLENIC ACIDS 


A. W. Johnson. Longmans, Green and Co., New York, 1950. 
xxvii + 328 pp. 15 X 22cm. $10. 


Tuis is the second of a projected series of three volumes review- 
ing completely the chemistry of acetylenic compounds, presum- 
ably exclusive of the acetylenic hydrocarbons as such. Volume 
III is to cover the acetylenic carbonyl Compounds and miscella- 
neous acetylenic compounds. Volume I: “The Acetylenic Al- 
cohols’”’ was reviewed in THis JouRNAL, 25, 407 (1948). The 
comments made there in general apply also to Volume II. 

Volume II, like Volume I, is clearly written, well indexed, 
thoroughly documented, and minute, and often critical, in its 
coverage of the literature. The main text surveys the literature 
through 1948, and an appendix covers most, at least, of the publi- 
cations of 1949. : 

This series should be useful both to specialists and to those who 
desire general information. 

LAWRENCE H. AMUNDSEN 

University or ConNNECTICUT 

Storrs, ConneEcTICUT 


ca ORGANIC SYNTHESES. VOLUME 30 


Editor-in-Chief: Arthur C. Cope, Professor of Chemistry, Massa- 
chusetts Institute of Technology. John Wiley and Sons, Inc., New 
York, 1950. vi+ 115 pp. 4 figs. 15.5 X 23.5cm. $2.50. 


Vo.uME 30, the latest in the Wiley Organic Syntheses Series, 
was published in September. The book gives the most conveni- 
ent laboratory methods for preparing various organic chemical 
reagents in one-half-pound to five-pound lots, each method being 
adaptable to large-scale development. This volume, like pre- 
vious ones, gives the equations for the reactions, procedures for 
production with accompanying notes, and other methods of 
preparation for 39 different organic compounds. The directions 
have been contributed by 57 different collaborators in addition to 
members of the Editorial Board. The suggested directions have 
been further checked or verified by competent references. Prepara- 
tions are listed alphabetically under common name and Chemical 
Abstracts indexing names. The subject index comprises material 
from this volume only, since all previous preparations are listed 
in Collective Volumes I and IT, or Volume 29. 
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The present volume contains data on the following additional 
syntheses: 9-acetylanthracene; 3-aminopyridine; p-aminotetra- 
phenylmethane; pt-aspartic acid; benzoylcholine iodide and 
chloride; n-butylacetylene; 
acetic acid; chloroacetonitrile; trans-2-chlorocyclopentanol; 
4,4’-dichlorodibutyl ether; diethyl cis- A‘-tetrahydrophthalate 
and diethyl cis-hexahydrophthalate; 1,4-diiodobutane; ethane- 
dithiol; ethylenimine; 5-ethyl-2-methyipyridine; ethyl phenyl- 
cyanoacetate; fumaronitrile; glutaric acid; hexahydro-1,3,5- 
tripropionyl-s-triazine; 2-iodothiophene; 2-mercaptobenzimida- 
zole; methanesulfonyl chloride; N-methyl-2,3-dimenthoxyben- 
zylamine; 1-methyl-3-ethyloxindole; methyl 8-thiodipropionate; 
1-naphthaldehyde; o-nitroacetophenone; phenylacetylene; trans- 
1-phenyl-1,3-butadiene; a-phenyl-a-carbethoxyglutaronitrile; a- 
phenylglutaric anhydride; phenylsuccinic acid; 2,3-pyrazinedi- 
carboxylic acid; 1,2,3,4,-tetrahydrocarbazole; cis- A‘-tetrahydro- 
phthalic anhydride; tetraphenylarsonium chloride hydrochloride; 
o-tolualdehyde; vanillic acid; vinyl] laurate and other vinyl esters 

Since this series began in 1921 these annual issues have become 
a necessary part of every chemical library here and abroad. This 
latest volume, for all practical purposes, is identical in quality, 
form, appearance, and workmanship to other previous members of 
the series. Many organic chemists will be glad to note that we 
can soon expect Collective Volume III of this important com- 
pilation. 

RALPH E. DUNBAR 

Nortu Dakota State 

Farao, Nortu Daxota 


* A GERMAN-ENGLISH DICTIONARY FOR CHEMISTS 


Austin M. Patterson, Professor Emeritus of Chemistry, Antioch 
College. Third edition. John Wiley and Sons, Inc., New York, 
1950. xviii + 541 pp. 13.5 X 18cm. $5. 


Tuts dictionary, which first appeared in 1917, has become part 
of the standard furniture of a chemical laboratory. The third 
edition is nearly twice the size of the first. It has been brought 
thoroughly up to date and follows the latest nomenclature prac- 
tices. 

The introduction, which has remained practically unchanged 
through three editions, simplifies some of the difficulties of trans- 
lation and is a valuable help to one who feels himself confused by 
the strange intricacies of a foreign language. 


* GERMAN-ENGLISH TECHNICAL AND ENGINEERING 
DICTIONARY 


Louis De Vries, Professor of Modern Languages, Iowa State 
College. McGraw-Hill Book Co., Inc., New York, 1950. xiv + 
928 pp. 16 X 23.5cm. $20. 


Tuis is a comprehensive dictionary giving exact definitions of 
technical terms in common use in the various engineering fields 
and in chemical technology. 

It includes terms used in such industries as aluminum, auto- 
mobile, motion pictures, petroleum, iron and steel, paper, textiles, 
and many others. 

Numerous outstanding technical librarians and educators 
assisted in its preparation. 
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e PRINCIPLES OF NUCLEAR CHEMISTRY 


Russell R. Williams, Jr., Assistant Professor of Chemistry, [jy 
versity of Notre Dame. D. Van Nostrand Company, Inc,, 
York, 1950. ix+307pp. 8lfigs. 25tables. 15 X 22cm. $3, 


Tue term “Nuclear Chemistry” in the title of the book ig yg 
in its broadest sense, that is to include those topics someting 
more restrictively classified as nuclear chemistry (reactions ¢ 
nuclei and the properties of resulting nuclear species), try 
chemistry, and radiation chemistry. The author states in ¢ 
preface that the book “‘is intended to serve as the basis for a oy 
semester lecture course for advanced undergraduates and grady 
ate students.”’ As such it will undoubtedly be welcomed by may 
teachers responsible for giving an elementary course in nucky 
chemistry. 

The first five chapters (slightly over one-half of the book) coyg 
the subjects that are, strictly speaking, nuclear physics but whig 
form a necessary background for an understanding of the chemig 
phenomena related to nuclear properties and processes. Topi 
such as nuclear structure, nuclear decay, bombardment reaction! 
etc., are presented from an empirical point of view and at time 
in a very abbreviated manner, The last four chapters deal wit) 
the chemical phenomena and include such subjects as the chemicy) 
isolation of unstable nuclides, chemical consequences of nucley 
reactions, chemical effects of nuclear radiations, and analytic! 
applications of nuclear chemistry. 

The principal difference between this book and others covering 
the same general field is the placing of a greater emphasis on th 
chemical aspects of the subject. Many chemistry teachers wil 
welcome this shift of emphasis and will find this book particularly 
suited to their needs. On the other hand, the reviewer is quiefJECH? 
certain that there will be many who will feel that the backgroun( 
of “nuclear physics” given in the first five chapters is inadequat 
and would require extensive supplementary material, particular; 
for a course at the graduate level. 


FOR’ 


KENNETH STREET, JR. 
UNIVERSITY OF CALIFORNIA 
BerRKELEY, CALIFORNIA 


e MODERN CHEMICAL PROCESSES 


By the Editors of Industrial and Engineering Chemistry ani 
technical staffs of cooperating industrial organizations. Reinholi 
Publishing Corp., New York, 1950. 222 pp. 21 29cm. 


BEGINNING in February, 1948, one of the editors of Industrial 
and Engineering Chemistry has cooperated with members of the 
technical staff of some organization to describe comprehensively B§CIE} 
a new plant or process, replete with excellent illustrations ant 
flowsheets. In this volume have been collected the 23 articles 
appearing in 1948 and 1949. Of these, six describe inorganit 
processes, and seventeen describe organic processes. All repre 
sent new, up-to-the-minute plants and processes. These article 
should be useful to students to supplement the older and les 
complete material found in textbooks. This book, despite the 
repetition of material, will save much wear and tear on the jour 
nals and for itself is deserving of a place on the library shelf. 


KENNETH A. KOBE 


University or TEXAS 
Austin, Texas 
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OF ELECTRONS 
coal By L. ROSENFELD, Professor of Theoretical Physics, University of Manchester, England. 

ies), rt 1951. 6x 9. 135 pages, 7 ilius., numerous formulae. $2.25 
~aae " This book is based on a series of lectures for advanced students. It discusses the foundation 
and ~~ for an atomistic interpretation of the electrical, magnetic, and optical properties of matter. The 
db sy discussion is kept in a classical plane, with indications of the modifications rendered necessary 
r “<a by quantum effects. 
00k) Cover 
but whidFLECTED TOPICS IN X-RAY CRYSTALLOGRAPHY 


from the Delft X-Ray Institutes. 
Edited by J. BOUMAN, Delft, Netherlands. 
1951. 7x 10. 400 pages, 200 illus. $11.00 


of nuclew The Delft X-Ray Institute is a unique organization insofar as its staff consists of representatives 

analytical of fundamental research and of experts in the major branches of the applications of x-ray struc- 
ture determination, such as was sesclac ta biology, plastics, and rubber. This teamwork is 

rs al reflected in the reports of research done in the various laboratories. 
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ECHNIQUE OF ORGANIC CHEMISTRY 
ackgro 

Editor: ARNOLD WEISSBERGER 
Volume IV: DISTILLATION 


OET, JR. 1951. 6 x 9. 696 pages, 293 illus., 97 tables. $14.00 


Authors: Arthur and Elizabeth Rose, Arthur L. Glasebrook, Frederick E. Williams, Carl S. 
Carlson, John R. Bowman, R. Stuart Tipson, Edmond S. Perry, John C. Hecker. 


Volume V: ADSORPTION AND CHROMATOGRAPHY 


pad By HAROLD GOMES CASSIDY, Sterling Chemical Laboratory, Yale University, New Haven, Conn. 
ein 

cm. 1951. 6 x 9. 380 pages, 53 illus., 54 tables. $7.00 

Industrial 

ars of the 

ees SCIENTIFIC RUSSIAN — A Textbook for Classes and for Self-Study 

AONS ad 

3 articles By JAMES W. PERRY, Massachusetts Institute of Technology. 

i sa 1950. 6 x 9. 846 pages. $7.50 

e artic How to learn to use and read the Russian scientific literature. 700 typical sentences analyzed. 
and les Graded course of reading exercises. Complete grammar summary. Scientific and technical 
i emphasis throughout. Written by a scientist for scientists. 

shelf. 


KOBE FMONOMERS —A Collection of Data and Procedures on the Basic "Materials for the Synthesis of Fibers, 
Plastics, and Rubbers. 


Edited by E. R. BLOUT, Polaroid Corporation, Cambridge, Mass., and H. MARK, Institute of Polymer 
Research, Polytechnic Institute of Brooklyn, N. Y. , 


1951. 6% x 9%. Consisting of 14 monographs collected in ring binder, totalling 644 pages, 46 illus., 
' 47 tables. $12.50 including binder. 


All books available on approval. 
Detailed description on request. 


Write for our latest catalog. 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, N.Y. 
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Sales Offices: 
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Evans-Garrett-Sisler: Semimicro Qualitative Analysis, Revised 


This popular book, in its new Revised Edition, contains new material 
on structure and properties, drill in writing complete equations, and 
emphasizes the concept of ionic reactions. All analytical procedures 
are followed by explanatory notes on points troublesome to most 
students. The text is simple, well organized, and exceptionally 
practical for use in general chemistry courses. 


Whitehead: Theory of Elementary Chemical Analysis 


A new first course in inorganic qualitative analysis, usable effectively 
with a semimicro or a macro scheme. Covers recent work in chemi- 
cal bonds, complex ions, organic reagents and colloids. A laboratory 
manual accompanies the text. 


GINN AND COMPANY—PUBLISHERS Home ofice: Boston 


New York 11 Chicago 16 Atlanta 3 
Columbus 16 San Francisco 3 Toronto 5 


Heavy Movable Laboratory Table by ‘‘LABCONCO”’ 
New Movable Table Ideal 


No. 1800 .. 26” x 60” x 34” high.. $137.50 
No. 1800A. 26” x 48” x 34” high.. $125.00 


Also available with top and shelf material of 
sheet steel, stainless steel, or bolted laminated 


maple. Write for prices. conco’s” complete line of carts for laboratory y ee 
or classroom. Write today, direct to the > a 
manufacturer for pictures, prices, full details ¥ 
on the carts you need. } 


for Classroom Demonstration 


Now you can roll 11 square feet of work- 
ing space around your classroom or labora- 


tory—loaded with 500 pounds of equip- . 

ment! Lock the casters, and your movable 

table becomes as solid as any unit in your 

laboratory. 
Supporting frames are of 14%” square 


tubing, welded into one piece. Table top 
is of %” special asbestos lumber, highly 
compressed, treated and polished. Will 
withstand acids, alkalies, heat, and shock. 
This sturdy table is only one unit in “‘Lab- 
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3 OF THE MORE THAN 3400 EASTMAN ORGANIC CHEMICALS 


Odd and rare... 
CH;(CH.),,;COOH 


Margaric Acid (Eastman 1282) is now 
on our list, packaged in quantities down 
to 5 grams. Palmitic acid, with one less 
carbon atom in the chain, and stearic 
acid, with one more, are tonnage mate- 
rials and big items in today’s commerce, 
thus illustrating the principle that nature 
constructs even-numbered fatty acid 
chains much more often than odd-num- 
bered ones. Margaric acid is a white 
crystalline solid originally prepared from 
certain beeswaxes and lichens, but we 
build it up from cetyl alcohol, which 
comes from spermaceti, which comes 
from whales. 


Brake for flora... 

HN————-NH 
Maleic Acid Hydrazide (Eastman P6445), 
with its ability to inhibit growth of plants 
without killing them, has become the 
subject of homely philosophizing on 
topics like the storing of onions without 
sprouting and the relief of Junior from 
his grass-cutting chores. Its more formal 
name is 1,2-dihydro-3, 6-pyridazine- 
dione. The most convenient way to ac- 
quire a small quantity of it is to order it 
from us. 


For carbohydrates... 


ON. 

Anthrone (Eastman 6432) has come to 
the fore during the past two or three 
years as a conveniently specific reagent 
for the quantitative determination of car- 
bohydrates. It’s reported to give a posi- 
tive reaction with all pure mono-, di-, 
and polysaccharides tested as well as 
with dextrins, dextrans, starches, and 
plant polysaccharides. Furthermore, it’s 
useful in determining mannosidostrep- 
tomycin and dihydromannosidostrepto- 
mycin in commercial streptomycin and 
dihydrostreptomycin solids. For all these 
we'll be glad to send you procedural ab- 
stracts, to say nothing of saving you the 
rather involved job that the literature 
mentions of preparing and purifying 
anthrone yourself. 


These are but three of the more than 
3400 organics you can order from East- 
man. If you haven’t received your copy of 
our List No. 37, let us know right away. 
Write to Distillation Products Industries, 
Eastman Organic Chemicals Department, 
Rochester 3, N. Y. (Division of Eastman 
Kodak Company). 


50|%g¢ | Eastman Organic Chemicals 


for science and industry 


Also...vitamins A and E...distilled monoglycerides... high vacuum equipment 
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STANDARD COLLEGE TEXTS 
SMITH’S INTRODUCTORY COLLEGE Revisions of both these popular texts have 
‘ mes brought them in line with the latest de- 
CHEMISTRY, Third Edition $4.50 velopments in the field. Each ec ii 
subjects regularly studied in beginning 
courses. However, the coverage in Smith's 
SMITH’S COLLEGE CHEMISTRY Introductory College Chemistry, is shorter, and 
; " more compact than the very complete Freeze 
Sixth Edition $5.00 Smith's College Chemistry, and is better 
By William F. Ebret suited to briefer courses. on 
provid 
equipn 
PROPERTIES AND NUMERICAL naif 
The FOURTH EDITIONS of these well- cates 
RELATIONSHIPS OF THE COMMON known laboratory manuals include detailed contro! 
directions for the experiments, discussions The 
ELEMENTS AND COMPOUNDS $3 00 of principles, definitions, methods of solv- Mele 
and ing problems, and problems based on the i 
EXPERIMENTS AND PROBLEMS for a fom 
year S WOrkK, an the secon is for a se- serve 
FOR COLLEGE CHEMISTRY $2.50 mester’s work for courses in first-year * 
e 
By J. E. Belcher and J. C. Colbert —_ nn ical 
equip! 
tage 0 
higher 
Full 
Stoke: 
APPLETON-CENTURY-CROFTS, INC. 
35 West 32nd Street New York 1, N. Y. — Fluor 
A 
Centr 
with 
Liebe: 
desigr 
ELECTRO-ANALYSIS APPARATUS ma 
and n 


Recommended for determinations of nickel, cop- 
per, antimony, cadmium, zinc, chromium, and 
other metals, this apparatus has rugged construc- 
tion needed for continuous duty and versatility 
required for research. Built-in rectifier delivers 
8 volts, 5 amperes DC to both spindles simultane- 
ously or 10 amperes DC for a single determina- 
tion. Stirrers rotate at constant speed of 550 
r.p.m. Electrodes are mounted in special stainless 
steel holders by a spring grip. Front of apparatus 
is stainless steel; sides are cast aluminum with 
black wrinkle finish. Apparatus operates directly 
from line of 115 or 230 volts, 60 cycles, single 
phase. It comes ready for use on 115 volts; 
change of wires adapts to 230 volts. Apparatus 


| 


No. 32-560 $420.00 
WRITE FOR OUR measures 2914” tall, 1414” wide and 1614” deep. 
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Freeze-Drying Unit 

The Stokes Model 203-L Freeze-Drying 
equipment is a small compact unit which 
provides the highest output at lowest 
equipment cost for a total capacity of 
3600 ml. Drying and freezing are done 
in a tank at the top of the chamber on an 
electrically heated and thermostatically 
controlled drying shelf. 

The equipment is complete with Stokes 
McLeod vacuum gage and Stokes No. 146 
high vacuum pump. A stainless steel dry 
ice condenser finger prevents water vapor 
from reaching the pump. Freezing is ob- 
served through a sight-glass in the lid of 
the freezing unit. 

The unit can also be supplied with chem- 
ical desiccant in place of the dry ice 
equipment, or with both, to take advan- 
tage of the low cost desiccant method or the 
higher capacity dry ice method. 

Full details may be obtained from F. J. 
Stokes Machine Co., 5900 Tabor Road, 
Philadelphia 20, Pennsylvania. 


Fluorimeter 


A new instrument for research and 
routine work has been developed by 
Central Scientific Co., 1700 Irving Park 
Rd., Chicago 13, Illinois, in collaboration 
with Dr. T. E. Friedemann and G. S. 
Liebeck. It is a photoelectric fluorimeter 
designed primarily for all types of fluori- 
metric analysis and useful in colorimetry 
and nephelometry. 


The instrument has linear sensitivity 
over a wide range in which the relative 
sensitivity is changed by means of a dial 
switch which expands the meter readings 
to 1, 2, 5, 10, 20, 50, and 100. It also hasa 
high sensitivity to permit the assay of 
microquantities even though highly selec- 
tive optical filters may be used. The 
calibration stability is excellent and rela- 
tively free from drift. 

The cuvette carrier is designed to hold 
a standard 15 mm. test tube and primary 
and secondary optical filters 2 X 2 in. in 
size. 


Vaporite Marking Pen 


The Time Saving Specialities Co. of 
Minneapolis has announced development 
of a new type of marking pen which, ac- 
cording to the company, will mark a 1/15 
in. line on any type of surface, including 
glass, porcelain, paper, cellophane, metals, 
and plastics. Company tests have shown 


that the markings will stand autoclaving 
to 18 pounds pressure. 


Akron, Ohio. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Y ANY standard of measurement, Tygon flex- 
ible-plastic laboratory Tubi 
top ranking among America’s leading chemists. 


achieved 


Flexible, non-toxic, clear, resistant to virtually 
all acids and alkalies, non-aging, sterilizable, 
easily connected, easily cleaned, conveniently 
packaged ... Tygon Tubing offers a combination 
of advantages found in no other fluid transmis- 
sion medium. Ask for it by name — TYGON — 
manufactured only by The U. S. Stoneware Co., 


AT YOUR 
LABORATORY SUPPLY 
DEALER 


TYGON 
a 
7 \NERT 
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Here THEY 


35 mm Model with 
telescopic focusing 
eyepiece 


See your AO Spencer Distributor 
for literature describing the new 
AO SpencerPhotomicrographic: 
Cameras in detail, or write 


Dept. P67. 


New SPENCER 
Photomicrographic Cameras 


These new 35mm and 4”x 5” Photomicrographic Cameras offer many 
advanced and desirable features. Simple to operate, sturdily built, they 
are designed and priced for laboratory and clinical use. Three models 
are offered — 4” x 5’ Camera with Universal shutter and telescopic fo- 
cusing eyepiece; 35mm film Camera with Universal shutter and tele- 
scopic focusing eyepiece; 4” x 5’ Camera with Alphax shutter. 


@ 360° REVOLVING BODY— Orientation of 
4” x 5” and 35 mm Camera bodies el- 
iminates need for circular revolving 
stage On microscope. 

SWING-IN LIGHT-TYPE ADAPTER — Camera 
may be swung in or away from micro- 
scope without disturbing focus. Fine 
adjustment stop assures precise repeat 
positioning — faster operation. 
TELESCOPIC FOCUSING EYEPIECE — Permits 
viewing the specimen chrough reflex 
mirror up to moment shutter is re- 
leased. Cross-hair reticule assists crit- 
ically sharp focusing. 

TAKES 4”x5” PLATES, FILM OR FILM PACK 
— Suitable adapters are available. 
35mm CAMERA— Interchangeable with 
4”x 5” Camera body. Built-in com- 
pensating lens accommodates for 
difference in focal length. 

FOUR POSITIONING CLAMPS—One pair ad- 
justable to one of three positions for 
convenient location of microscope. 
RUBBER VIBRATION ABSORBERS — Adjusr- 
able to position base firmly 

4” x5” GROUND GLASS HAS DIAGONAL TRANS. 
PARENT STRIPS— Permits use of mag- 
nifier to assist in critically focusing 
image over entire place arm. 


4” Model 
with Alphax 
shutter 


American Optical 


COMPANY 


INSTRUMENT DIVISION e BUFFALO 15, NEW YORK 
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Portable Microfilm Reader 


The PDA portable microfilm reade 
takes 100 ft. of 35-mm. strip microfilm or 
16-mm. film with an adapter. It has, 
self-contained screen and can be used ing 
lighted room. The optical system uses, 
100-watt lamp with a double condengy 
system and F/3.5 coated anastigmatiy 
projection lens. The instrument can by 
used as a wall or screen projector, or as a 
enlarger. It is sold by the Lovins Eng. 
neering Co., Silver Springs, Maryland, 


Pure Water Producer 


The “LaMotte Filtr-Ion Unit,” contain. 
ing resins capable of removing the ionic 
solids from tap water, has been developed 
by LaMotte Chemical Products Company, 
Towson, Baltimore 4, Maryland. Eagh 
unit, fastened onto a cold water faucet, can 
deliver 10 gallons of water as free from 
ionic solids as triple distilled water, and js 
designed for users of small amounts of 
chemically pure water. 


Aluminum Alloy Clamps 


Laboratory Industries, Inc., 4710 W. 
North, Chicago 39, Illinois, has produced 
a new line of aluminum alloy clamps under 
the trade name of Alumaloy. The special 
alloys used in these clamps have a tensile 
strength of 45,000 p. s. i. and a melting 
point of 1100°F. They have a greater 
natural resistance to corrosion than ord 
nary cast iron and cast zinc clamps, and & 
strong gripping action on all types of 
laboratory glassware. Flexible new de 
signs are available for intricate setups. 


Labitems 


Labitems, a new publication of general 
interest for laboratory technicians, engr 
neers and management has just beet 
issued by the Emil Greiner Company, 
20 N. Moore Street, New York 13, N. Y. 

The new magazine contains in its 32 
pages, articles of technical and general in- 
formation, highlighted by news and 
photographs of more than 50 new prod- 
ucts. Some of the items reported on are 
balances, clamps, vapor pressure bombs, 
colorimeters, manometers, titrimeters, ete. 

One of the features of the magazine is 4 
timely article on the control of carbon 
monoxide gas concentration in the new 
Brooklyn Battery Tunnel, with the Car- 
tesian Manostat. 

Free copies of Labitems are available 
from the Emil Greiner Company. 
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“I found myself wishing that I had had a book like this’ 
when I first studied chemistry. No introductory book 
I have ever seen does so much to awake in its reader the 
sense of intellectual excitement which is the necessary 
first step towards zealous work in science.” 

W. J. MOORE, Catholic University of America 


“This” is even better than A Laboratory Study of Chemical 
Principles which itself introduced a new era in thought- 
provoking laboratory work.” 

EUGENE G. KOVACH, Colgate University 


1 COLLEGE CHEMISTRY Jy Linus Pauling, California Institute of Technology, 715 pp., 209 illus., $4.50, 1950. 
* COLLEGE CHEMISTRY IN THE LABORATORY Jy Lloyd E. Malm, University of Utah, and Harper W. Frantz, Pasadena 
City College, 368 pp., 93 sllus., $3.00, 1950. (Both books are illustrated by Roger Hayward.) 


W. H. FREEMAN S(= AND COMPANY 
549 Market Street E ) | San Francisco 5, Calif. 


after years 
development 


.. and market research, Corning Glass Works in- 
troduced this revolutionary new ‘Pyrex Handled 
Beaker”. This long needed item now provides 
a better means of handling large beakers. Since 
this beaker may be gripped firmly, the danger of 
dropping this vessel when containing hot liquid is 
completely eliminated. As always, NYLAB is first 


with the newest advancements in science, quality 
BEAKER with HANDLE. Complete 


with 3000 ml. beaker, plastic handle and and service. 
stainless steel band. Case quantity, 10. 
(Corning #1010) 
Per case 33.75 


BEAKER ONLY. Extra 3000 ml. beaker 
for use with handle and strap as supplied 
under No. 13428. Case quantity, 10. 
(Corning $1010) 

13429 


76 Varick Street New York 13, N. Y. 
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SOLUTION BALANCE 


with 
GRADUATED AND TARE BEAMS 


Capacity: 5 kg—Sensitivity: 0.5 gm 


While still retaining the convenience of a tare 
beam, we have added to the widely used 
metric solution balance a graduated beam to 
enlarge the range of usefulness. Two models 
are available; one with a beam graduated 
up to 100 grams by one gram, and another 
500 grams by five grams. In addition, brass 
weights from 1 gram to 2 kilos are included as 
well as two extra iron tare weights of 8 and 
16 ounces. 


The balance is supplied in grey wrinkled 
hard finish and has self-aligning agate 
bearings (patd.). It is equipped with two re- 
movable 9 inch diameter pans, and is of 
sturdy construction throughout. 

Cat. No. 3-722 Solution Balance complete 


with weights, tare beam and 
graduated beam 100 grams 


by 1 gram $65.00 
Cat. No. 3-724 Ditto, with graduated beam 
500 grams by 5 grams $70.00 


SPECIAL GLASSWARE 


We also maintain a modern glass-blowing department 
for special scientific and technical glass apparatus made 
to specifications and drawings. We invite your in- 
quiries and will gladly furnish estimates upon request. 


& SON 


Laboratory APPARATUS + SUPPLIES + CHEMICALS 
220 East 23rd Street: New Yor« 10,N.Y. 


\ 


j 
PAPERS FOR 
| GOOCH CRUCIOLES 


WY) 


Hardened Ashless 
Disks for 
GOOCH CRUCIBLES 


Many workers find these disks to be 
great time savers especially where 
large numbers of similar analyses 
must be run. 


The papers from which these disks 
are cut have great wet strength so 
that full vacuum may be safely used 
without danger of tearing. 


No. 540 is medium rapid and re- 
tentive, comparable to No. 40 but 
stronger when wet. 


No. 542 is very retentive, there- 
fore, a little slower filtering but as 
full suction can be used, No. 542 is 
by no means slow. 


Both grades are available in circles 
2.1 cm, 2.4 cm and 3.7 cm, the last 
mentioned for micro Buechner funnels. 


Order from your dealer but if you 
wish samples drop a line direct to us. 


H. REEVE ANGEL & CO., INC. 


52 Duane Street New York 7, N. Y. 


PIETER PAPERS 
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another fine 


BALANCE 


@ Rugged in Construction 
@ Modern in Design 


Model 220 D 
Balance with Notched Beam, 


Drum-Chain with Horizontal Suitable for routine weighings. This instru- 
Vernier, Magnetic Damper 


An ideal Balance for general laboratory use. 


ment, simply and sturdily constructed, is de- 


signed with the same careful Voland engineer- 
CAPACITY — 200 grams on each pan ing, standard in all Voland balances. This 


SENSITIVITY — 0.1 mg. with full load 
Price, $240.00 


model is furnished with a Black Carrara Glass 
Base. 


Stocked by your Laboratory Supply Dealer VOLAND & SONS. INC. 


Products of the Finest in American Ingenuity and 
' Craftsmanship 32 Relyea Place, New Rochelle, N. Y. 


PRECISION POLARIMETER 


H™ is an excellent instrument to use for macro, or macro and 
micro work in research and general polarimetry. A unique 
“micro-device” allows image-field diaphgrams of 1, 2, 3 and 6 mm. 
aperture to be introduced by a simple lever action, thereby elimi- 
nating light reflections from sample tube walls. 


Two novel features are: 1) Simplified zero adjustment with 
instructions engraved on scale cover. 2) New type friction 
drive. These allow quicker, more convenient readings than ever 
before. 

Additional features consist of an adjustable Lippich half-shade 
polarizer . . . heavy one-piece stand with covered trough for tubes 
up to 400 mm. length . . . detachable lamp arm interchangeable 
with spectroscope-monochromator for all wave lengths of the 
visible range. 

Write for complete details on this No. 70 Polarimeter—as well 
as other models ranging from utility (0.1° accuracy) to high 
precision (0.002° accuracy)! 


SCIENTIFIC GLASS 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE — 


Model No. 70 
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That unusual chemical hard to get? 


Have you tried “AMEND”? Ul 


oeee phel 


We have the largest listing of both Organic 


the | 

and Inorganic Chemicals. mod 

Y 

We can fill your order more completely! This 
to 

use, 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street New York 10, N. Y. 4 


The. LEITZ INDUSTRIAL ROUY-PHOTROMETER 


An achievement in accuracy, dependability, simplicity. 


Colorimetric absorption analysis, spells 
greater accuracy and reliability in indus- 
trial products control such as: 


Water Supply Electro Plating 

Soil and Fertilizer Metallurgy 

Foods Tanning 

Oils Dyestuffs 

Crop Control Die Castings 
Glass 


Write for Bulletin 65 C 


THE RUPP and BOWMAN COMPANY 


SCIENTIFIC APPARATUS DEPARTMENT 
315-319 SUPERIOR STREET - - TOLEDO 3, OHIO |i— 
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-YOU NEED ONLY— 


One Instrument 


to the teacher. 


The Coleman Model 14 
Universal Spectrophotometer 


Interesting application of Colorimetric, Fluorometric and Ne- 
phelometric analysis may be given with this instrument. 


Eliminate by actual contact, the bewilderment and uncertainty of 
the graduate when he steps into his first industrial job! Provide some 
modern instrumentation as part of your course. 


YOUR LECTURE may be based on our “WACO Instrument Talk”. 
This folder suggests uses and gives other valuable. information 


With the actual instrument for demonstration and 


use, you implant a confidence which can be instilled in no other way. 


Write for your copy of “WACO Instrument Talk" 
and “Curves and References” today. 
LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO 51, ILLINOIS 


H, 1951 


> 

‘ in providing supplementary literature 
for the student. Our CURVES AND 
‘ REFERENCES contains a wealth of 
} time saving, modern methods for the 
‘ chemist in research and in control 
‘ laboratories. We will supply these 
} 40 page booklets at cost, for distri- 
‘ bution to the “quant” class. If you 
; do not have a copy, please write and 
: ask for one with our compliments. 


Please mention CHEMICAL EDUCATION when writing to advertisers 


CONSTANT 
HOT AIR 


an up-to-the-minute modem 


to clean and keep clean. 


adjustable every half-inch. 


nichrome wire coil heaters. 


Model No. 1064 lock 
for Sterilizing, Drying, 
Pre-Heating, Conditioning. 


Be sure it’s BOEKEL! 


TEMPERATURE 
STERILIZERS 


ALUMINIZED STEEL 


Here, for your laboratory, is a Constant Temperature Oven utilizing 


metal. Aluminized Steel retains its 


attractive appearance by offering greater resistance to the corrosive 
action of fumes in the laboratory. it provides a finish which is easy 


Model No. 1064, with snap-action Hydraulic Thermostat, gives con- 
trolled temperatures from room to 180° Centigrade. Thermostat sen- 
sitivity is within +1°C. Dimensions: Inside 18” high x 24” wide x14" 
deep; Outside 32’ x 31%" x 21". Two expanded metal shelves 


Efficiently insulated with 3’’ :ock wool and hard asbestos; 1200 watt 


Door is heavily constructed, insulated 


and gasketed, to reduce heat loss to a minimum. Explosion proof 


Model 1064S is indentical except that it is made of 18-8 stainless 
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The Bowen Laboratory Spray Dryer 


---MEETS ALL REQUIREMENTS FOR: 


SMALL LOT PRODUCTION OF VALUABLE MATERIALS 
AND LABORATORY RESEARCH AND DEVELOPMENT 


j 1. EASY TO CLEAN — Hinged 
EE chamber can be opened for washing 
or brushing. All ducts are flanged and 
fastened by quick-opening wing nuts 
to make cleaning easy. 


2. SIMPLE TO OPERATE — Engi- 
neered for ease of operation—air tem- 
peratures are controlled automatically. 
Requires space of only 3’x 6’. 


OBSERVATION 
OF PRODUCT 
FORMATION 


Two viewing ports 
are provided — one 
at atomizing level, 
the other near cham- 
ber floor. 


The Table Model is ‘‘scaled-down’”’ 
from Bowen commercial spray dry- ENGINEERING, INC. 
NORTH BRANCH 11 


ers. The unit can be used for actual 

small lot ptoduction or for test NEW JERSEY 
work where data obtained is used 

for design of production units. 


Hinged Chamb 


Since 1926 Recognized Leader in Spray Dryer Engineering 


X 
Hotel Statler, New York 


Dr. Norris W. Rakestraw 
Editor, Journal of Chemical Education 
La Jolla, Calif. 


Dear Sir: 


I am writing you from the New York meeting of the American 
Association for t dvancement of Science to congratulate you on 
the JOURNAL OF CHEMICAL EDUCATION which I have just 
read from cover to cover. Your paper meets the highest standards of a 
scientific publication and is so packed with valuable and informative 
articles in a great variety of fields that one cannot help but read all of 
them, in spite of the steadily augmented pressure upon limited reading 
time. And, one feels fully rewarded for having done so! 


This is especially true Pal ur series of splendid articles on plant 
physiology... .The artic of Melvin Calvin, for instance, covers a 
scientific achievement for which the Nobel Prize used to be granted. 
I also liked very much Mrs. Shallcross’s article... . 


Special Research Consultant, Washington, D. C. 


Please enter my subscription @ $3 per year 
(Canada $3.50; foreign $4.00) 
Payment enclosed(] Bill 


JOURNAL OF CHEMICAL EDUCATION 


The 
Chemical 


Arts of 
Old China 


Li Ch’iao-P’ ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handle Chinese goods. ... 
A truly attractive volume for 
all people of culture.’’—Cien- 
cia e Investigaci6n, Buenos 


Aires 


“A fascinating book, well 
documented and well illus- 
trated. .. . Altogether a splen- 
did book for the doctor's 
library.’’ — Gastroenterology, 
Baltimore 


“Professor Li is an expert in 
the field of ancient Chinese 
chemurgy, and Professor Ten- 
ney L. Davis and the Journal 
of Chemical Education are to 
be thanked for bringing this 
book to the attention of Euro- 
pean readers... . It is beauti- 
fully illustrated, and is not 
only for chemists and tech- 
nologists but for all who are 
interested in Chinese cul- 
ture.’’ — Naturwissenschaft- 
liche Rundschau, Stuttgart 


“This book is unique in sub- 
ject and style, well printed, 
illustrated by many fine line 
drawings in the Chinese style 
depicting the processes de- 
scribed. It is an addition to 
the History of Chemistry.” 
—Journal of the American 
Chemical Society 


(Outside U.S.A. $5.50) $5.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Pp, 1 
ton, Pennsylvania’ 


Easton, Pennsylvania 


23 
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J-10441 


A convenient rack for safely drying glassware. Made 
mene steel wire, spot welded and completely coated with 

chemically-resistant Neoprene. Will not warp or absorb liquids. 
Rustproof drain pan catches drippings. Holds 90 pieces of glass- 
ware at one time. Has 72 pins of 3” length and 18 pins of 5” 
length. Loops for wall hanging. Each............... $12.00 


J-10459 


This Neoprene coated funnel support is adjustable without use 
of screws, clamps or springs. Made of heavy steel wire, spot 
welded and heavily coated with Neoprene. Takes long, short 

some types of separatory funnels. Dimensions: 2514” X 
15%” X 1034”. Adjustable from 41” height to 13”. 
Accommodates 12 funnels. Each................... $9.50 


J-4838 

A convenient means of handling culture dishes. Made of heavy 
steel wire, spot welded and Neoprene coated. Holder and 
ishes may be sterilized together. Dishes are inserted and ts 


moved through front of holder. Each................ $5 


THE CHEMICAL RUBBER CO. 


Scientific Equipment, Analytical Chemicals, Laboratory Supplies 
HANDBOOK OF CHEMISTRY AND PHYSICS 


2310 Superior Ave. Cleveland 14, Ohio 


TO MEET TODAY’S 
URGENT NEED FOR 
A FUNCTIONALLY PERFECT 


SEMI-MICRO BALANCE 


(with vinylite cover) 
7 EXCLUSIVE “ABC”? DEVELOPMENTS 


1. Aluminum ee Smooth Finished 


2. Superior Construction 

3. Chain, Notch all 0.110 G. Range 

4. Stirrup Construction (Pat. Pend.) 

5. Stirrup Arrestment (Pat. Pend.) 

6. Ball Bearing Arrestment (Pat. Pend.) 

7. Inverted Arrestment Contact Points. 
and these extra features 

Arc movement Arrestment 

Capacity 50 Grams 

Sensitivity 1/100 Mg. for Full Load 

Rapid Weighing 

Black Glass Base Plate 

Side Opening Doors 

Bows & Pans of Stainless Steel 

Hardened Point on Indicator 

Independent Pan Arrest 

10. Equilibrium Adjustor 

11. Variable Magnetic Damper 

12. “Arch Relief” Knife-Edges 

13. Chrome Plate 


PRICE LIST OTHER SM TYPES 


$475 
SM-101 Chain Wheel and Notch Beam........ $515 
SM-1012 Chain Wheel, Notch Beam and Mag- 


“A. B.C.” analytical & semi-micro balances are available from 
your dealer. 


408 | POTTER AVE., NEW ROCHELLE, N. 
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PYREX BEAKER 


with Handle 


This new ‘‘Beaker’’ made of Pyrex 
Brand Glass is available only in 
3000 ml. capacity. 


The glass handle is attached with a 
stainless steel band which also acts 
as a protective collar. Handles and 
bands may be used interchangeably 
and are easily removed. 


Catalog No. 1010 Beaker with 


handle 
Boon... ... 


Caseof10 ... 33.75 


Catalog No. 1010A Beaker only— 
replacement 
Caseof10 ... 23.85 


Order a case today 


ARKET STREET- PATERSON 3,N.J.- SHERWOOD 2.! 


Industry and Science — 


Apparatus and Chemicals for 


Photometers 


rapid and accurate 
determination of 
thiamin, riboflavin, and other substances which 
fluoresce in solution. The sensitivity and sta- 
bility are such that it has been found particu- 
larly useful in determining very small amounts 
of these substances. 


a 
KLETT SCIENTIFIC PRODUCTS 
ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 


GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N.Y 
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| How to Prepare 
Your Science Order 
Without Writing a Single Word! 


It can be done—as thousands of science teachers 
have discovered. 

| The apparatus, reagents and specimens you'll 
Hy aced for Chemistry, Physics and Biology can be 
W ordered, quickly and accurately, without putting 
| one word on paper. 
| How? By using the CamboscO Order Book, 
| whose pages are designed to serve as order forms. 
You are thus absolved from the time-consuming 
chore of copying long want lists. 


| Compact — but Comprehensive 


| There's no need to hunt through half a dozen 
bulky catalogs to locate the materials you want for 
student experiments, or for your demonstration 
work. 
In the CamboscO Order Book you'll find descrip- 
tions and prices for 7781 items, of which 1601 are 
| pictured. Throughout the listing of apparatus, 
| numbered illustrations are interspersed, for instant 
| identification. 


Detailed Dimensional Data 


| For every piece of apparatus that is made in more 
| than one size, complete dimensional data are given. 
| Pyrex Test Tubes, for example, are offered in twenty 
| sizes and styles. For each, the listing shows: 
| length, diameter, rubber stopper size, price per 
| dozen, number in case and price per case. 
| This unique method of listing, in which a single 
| catalog, eliminates some ‘‘sales talk’’, but omits 
rs of the information essential for intelligent 
vice. 
For teachers who prefer them, there is included a 
| liberal supply of conventional order blanks, printed 


| on special paper, on which it is easy to write with 


hard pencil, soft cil, ink, or ball point L 
| Those perforated blanks have proved cally 
| convenient for interim orders. 

An Annual Publication 


Once a year, the CamboscO Order Book is pains- 
takingly revised, from cover to cover. New items 
| ate added. Obsolete or unavailable materials are 
| dropped. Prices are brought up-to-date at the 
moment of publication. 


Free— to Teachers of Science 


| The CamboscO Order Book is furnished, without 
| charge or obligation, to science teachers and to 


“Hecurale Anproved 


page equals two or three pages of an old style | 


Anpnaraius by ACME“ 


Humidity 
Cabinet 
Series 82-00 


STAINLESS 


4 


POLISHED 
STEEL 


INTERIOR 
( EXTERIOR 


optional 


Mechanical 
Convection 
Oven 


FEATURES 


© Fully guaranteed, accu- ACME is a@ top source of 

rate Thermo Regulator of supply for Axtoclaves, 

+0.5° C sensitivity. Water Baths, Incubators, 
AutomaticPipette Washers, 


Wiring adapted for uni- Sterili 
ers, Cabinets, 
use throughout the Shaking Ma 
fp other apparatus and equi 
e@ ACME DUAL Thermo ment. 
Regulator available at no 


| school officials. itional cost. Write Dept. J 
Your free copy of the current edition will be sent post- ® ) for our new catalog. 
| Paid on receipt of your teaching address. : 
| : ACME equipment is available through all 
dealers—contact us direct for 
373 ANTWERP ST. @ BRIGHTON 35 || AGME LABORATORY EQUIPMENT CO. 
BOSTON, MASS., U.S.A. ; 506 W. 124th St., N. ¥. 27, N. Y. 
(i Please mention CHEMICAL EDUCATION when writing to advertisers 45 
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a Outstanding | COORS 
Chemistry Texts DISSOLVING 


THE FUNDAM ENTALS C0 N ES have many applicaty 
OF COLLEGE CHEMISTRY 4 i in the laboratory and 
ae se G. Brooks King, Professor of Chemistry A the shop. Chemical 
The State College of Washington g are difficultly solubletg 
hs William E. Caldwell, Prof. of Chemistry and Se to cake up when noteg 
AS Chemical Engineering, Oregon State College tinuously stirred, The 
EXPERIMENTS IN and placed in the dissoli 
PHYSICAL CHEMISTRY cone. The cone suspey 
Otto F. Steinbach, Assistant Prof of Chemistry ; i, IN ‘II the substance in the 
Queens College ventand as fresh solveni 
See Cecil V. King, Prof. of Chemistry, New York Univ. constantly being brow 
into contact with# 
ELECTRONIC MECHANISMS material early solution 
OF ORGANIC REACTIONS ; : obtained without ma 
Allan R. Day, Associate Professor of Chemistry A effort or attention. Cy 
University of Pennsylvania can also be used forl 
tering with filter po 
25, A TEXTBOOK OF 


QUA LITATIVE ANALYSIS 
(Using the Semimicro Method) 


William Buell Meldrum, Professor of Chemistry 
Haverford College 

: : Albert Frederick Daggett, Professor of Chemistry 
University of New Hampshire 


American Book Company 


Coors PORCELAIN COMPANY > 
GOLDEN, COLORADO 


roduction line 
laboratory 


s order... the 
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oil-diffusion 
the potential possibilities always fresh, sways 
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; of the Eimac HV-1 
efficient means of o 
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CONVENIENT ... fresh dependable buffer at any 
is available. 


4x 10-7 mm Hg- time, Coleman Certified Buffer tablets are available 
+ Ultimate Vacuum chia from 2.00 pH to 11.80 pH in steps of 0.20 pH... 
* Speeds up to 67 Liters/ oc each tablet makes 100 ml of buffer. With Coleman 
* 0 on 110 v AC oF Buffer tablets you can store a wide range of buffers 
+ Clear Glass Pump Barrel | in a fraction of the space required for liquids. s 
+e Wo Liquid Cooling PRECISE . . . Coleman Buffer tablets are exactly com- of 
No Charcoal Trap pounded, tested and packed in sealed vials... Certi- uw 
* é Special fied to produce buffers accurate to 0.02 pH at all times. P 
Maintenance without V 
4 * Tools or Skill ECONOMICAL . .. low initial cost, and freedom from is 
Gin imple Pipe Flange Vac-System spoilage over periods of time (as with liquids) make ir 
* [ conection Coleman Certified Buffer tablets the economical, P 
Wear dependable way to use buffers. R 
VACUUM PUMP Wo Mechanical 
EITEL-McCULLOUG H, INC. | For full details write for Bulletin BB-205 
2277 Sen Mateo Avenue Sen Bruno, California WSO 
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phonic Acid; p-Chloromercuribenzoate, Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; 
Glucoside; Desthiobiotin, Dialuric Acid; Dibromosalicylaldeh 

Dihydroxyecetone Phosphate; Diisopropy! Fluorophosphate; 


Endosuccinic Enzymes Equilenin; Equilin, Erucie Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; thylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltry Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Aci 4-Hydroxyacridine; 
Acid 12-Hydroxystearic acid; lodoacetamide; 
e-lodosobenzole Acid; Isoascorbie Acid, !socitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-dieth Naphthy! Red; Neurine Bromide; 
Nitrosomethylurea; Nordehydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvie Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Reductic 


will 
filter pg 


Acid; ium Amide; Sodium Fluoroacetate; aingonver) Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 

m-Terphenyl; p-Terphenyl; Thiomalic Acid; §8-Tocopherol; 
B-Tocopherol Phosphate; -Tocophero 
tigonelline Tropic Acid; Tyrosinase; ase cryst.; Uridine; Uro- 
Ursolic Acid; Vitamin Biz. 


Ask us for others! 
_| | DELTA CHEMICAL WORKS 
: 23 West 60th St. New York 23,N. Y. 
Telephone Plaza 7-6317 


Refraciemeter 


Improved model for measurements to .0001 
$1250. 


For details write to 


GAMMA SCIENTIFIC COMPANY 
261-263 Great Neck Road 
GREAT NECK, L. I., N. Y. 


HERE'S HOw TO 


Keep Your BALANCES 


IN PERFECT CONDITION! 


Our Experts 
Will Repair 
and Adjust 
Them Right 
in Your Own 
Laboratory 
Save the one, oat trouble, delay, and ible ~~ in transit, 


of shi: to the shop for repairs ou lose the 
use of oy Bw we only while our service men are working on it. 


es. Periodical tours are arranged in your locality about twice a year. 
We'll a you an estimate and do the entire job in weer laboratory— 

ing, as needed, complete reconditioning, ig. re-lacquer- 
ke ing, sharpening knives, resurfacing planes, an djusting to perfect 
al, performance. 


Rates On Request 
Some of the Institutions we serve: > Tulane, Rochester, 
R.P.I., Duke, Notre Dome, Michigan, North Carolina, Tufts, 
Mass. State, U. of Buffalo, U. of Kentucky, U. of Maryland, and 
many more. 
ny For descriptive circular and dates when our 
service men will visit your territory, write, 


JOHN P. MULLER ASSOCIATES 
P.O. BOX 773 NEW ROCHELLE, N. Y. 
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KERN 
FULL-CIRCLE 
POLARIMETER 


® TRIPARTITE FIELD OF VISION 
® DIRECT READINGS TO 0.05°... 
ESTIMATIONS TO 0.01° 
MICROMETER ADJUSTMENT 
The lew cost includes the complete instru- 
ment with 3 tubes, filters, and fitted cabinet! 
Write for Bulletin KP-495 


Sold only through leading suppliers. 
Ask yours about it. 


KERN COMPANY 


5-7 Beekman St., New York 38, N. 
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S &S No. 289 


DRY-DISPERSED, ASH-FREE 


Analytical Filter Pulp for Use in Exact 
Gravimetric Analyses 


Are YOU fully aware of the important | 
advantages of this superior filter aid? 


Ask for Bulletin No. 68 and free sample 


CARL SCHLEICHER & SCHUELL CO. 


116 West 14th St. New York 11, N. Y. 


The Life of 
Ina Remsen 


By Frederick H. Getman 


...a pleasantly written and inter- 
esting biography of a great chemist.” 


Remsen’s greatest fame was the discovery of the synthesis 
of saccharin which was the result of the joint work of 
Fahlberg, a German student working with Remsen and of 
Remsen himself. The way in which Fahlberg succeeded 
in concentrating all the fame on himself and in which 
he commercialized this invention is told in details and it de- | 
serves to be told. It was an unpleasant affair that caused 
Remsen much trouble even in quarters where he had not ex- 
pected it, as subsequent difficulties with the editor of the 
Journal of the Society of Chemical Industry proved. 


Remsen’s work as a university president and a public servant 
constitute another example of the vicissitudes of an honest 
scientist in local and national politics and they are well told. 
Seeing the elaborate bibliography of Remsen’s publications 
eet to this book we have the feeling, even after the 
pleasant hours spent in reading it, that most has not been 
made of the evolution of Remsen’s practical and theoretical 
work as seen against the background of American organic 
chemistry of those days. Should anyone later attempt to 
write this more elaborate biography he will surely find this 
book a handy collection of facts to start from. 


R. J. Forbes, COMPTE RENDUS CRITIQUES 


Order your copy today. POSTPAID 
CHEMICAL EDUCATION 


EASTON, PA. 


& 


This book will be particularly welcome 
to those chemists and chemical engi- 
neers who are not connected with some 
large firm or organization employing a 
qualified translator. Anyone who needs 
to refer to Russian periodicals with 
reasonable frequency would find it well 
worth his while to study Russian for 
himself. 


CHEMICAL RUSSIAN} 
SELF-TAUGHT 


James W. Perry | 
Massachusetts Institute of Technology 


Interest in Russia and its scientific 
developments has probably never been so 
keen as it is today. Many a chemist 
would like to be able to read about 
Russian technical advances in the orig- 
inal Russian, but is held back from at- 
tempting to learn the language by the 
apparent difficulty of the undertaking. 


At the present time, when the study of 
Russian is being placed on an equal foot- 
ing with that of French and German, 
especially for students majoring in sci- 
ence, the meagerness of good textbooks 
and good teachers is an acute problem. 
Any book that can alleviate this condi- 
tion is to be greeted with enthusiasm. 
CHEMICAL RUSSIAN, SELF-TAUGHT 
goes a long way toward fulfilling the need 
of the student interested in studying 
scientific Russian. 


The author is to be commended for having 
undertaken such a difficult work and for 
having produced such a good text. It can be 
recommended without question. 


—Scientific Monthly 


A most valuable book . . . of great aid and 
interest not only to the beginner but also to 
the more experienced linguist, who may not 
realize how many specialized meanings have 
been built into the scientific form of the 
language.”—Henry M. Leicester, College of 
Physicians and Surgeons, San Francisco 


Anyone devoting half an hour each evening 
to technical Russian could master it ade- § 
quately in six months. ... Any chemist inter- i 
ested in studying Russian should be much 
encouraged on reading the chapter entitled 
“Suggestions for Study Methods.” Here the 
approach to study of Russian is analyzed 
logically and clearly. . In fact, this book 
would be a good investment even to those 
chemists who want to learn only enough 
Russian to read the titles of technical articles. 

—Chemical Engineering 


221 pages $3.00 


CHEMICAL EDUCATION PUBLICATIONS 
2008 Northampton St. Easton, Pa. 


JOURNAL OF CHEMICAL EDUCATION, MARCH, 1% Plea 


a we + } 
| 
( 
} 
| 
= 
= 
——— | 
> 
| 
} 
| 
| 
17 
| 
: 


HELLIGE 


TURBIDIMETER 


A TURBIDIMETER 
WITHOUT STANDARDS 


MEASUREMENT 
OF TURBIDITY 


DETERMINATION 
OF SULFATE 


AND OTHER 
APPLICATIONS 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD.. LONG ISLAND CITY 1, N.Y. 


(Mass Spectrometer Checked) 


“RARE GASES 
NEON ARGON + KRYPTON XENON 


Raid are mass spectrometer, to 


assure You gases of known purity ond. | 


_ quality. Available ine 
glass bulbs. 


Linpe, the world's largest producers of gases derive 
from the atmosphere, can meet your individual needs 
of purity... volume... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 
A DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 
_ 30 East 42nd Street New York 17, N. ¥. 
in Canada: Dominion Qxygen Company, Limited, Toronto 


FAST-HEATING, VERSATILE 
‘HOT PLATES.. 


NEW DESIGN... 
for evaporations, 
boiling and general 
controlled heating 


Latest engineering advances 

embodied in this TEMCO design 

lets you perform your work more efficiently, 

gives you extra economy of operation. Cast 
aluminum top plate heats to 500°F. in 30 minutes. 
Temperature range 140°F. to 850°F. Built-in 
Temcometer provides precise temperature control. 
Clean-cut modern stainless steel body is resistant 
to chemicals, easy to keep clean. Controls especi- 
ally ventilated for cool operation and control panel 
recessed for protection against damage. Two com- 
pact sizes: 12” x 12” and 12”x 24”, both 7” high 
Write for bulletin H-1 and dealer’s name. 


THERMO ELECTRIC MANUFACTURING CO. 


1471 Huff St., Dubuque, lowa 


ELECTRONICALLY REGULATED 


LABORATORY 


POWER SUPPLIES 


© INPUT: 105 to 125 VAC, 50-60 cy 
© OUTPUT 1: 200 to 325 VDC at 300 mo 


regulated 
STANDARD © OUTPUT #2: 6.3 Volts AC CT at 5A 
MOUNTING unregulated 
PANEL SIZE © OUTPUT #3: 6.3 Volts AC CT at 5A 
10%" 19" unregulated 
RIPPLE OUTPUT: Less thon 10 milli- 
WEIGHT ‘38 LBS. volts rms 
; a For complete information write for Bulletin H-2 


LAMBDA BLECTROMES 


CORONA 
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FOUIPMENT CHEM ED BUYERS’ GUIDE SERVICE 


POMC 


For The .Chemistiand Engineer és you want modern Kjeldah! apparatus 
large or small. “Labconc 


laboratory 
Sturdy: Low Priced: Weight 12 Ibs. jeldahl is ‘available in 6-96 flask capacities with 
Easy to Learn: New Back Transfer - ges or electric heat. Separate disestion and > 


Device Speeds Up Calculations cones" Tes ‘been the ouyeword” in 
apparatus more then years, now in service in 
Ask For Bulletin CQ-33 the laboratories of Procter & Gamble, General 
Mills, DuPont, General 

WRITE DIRECT TO THE MANUFACTURER 
SOLE DISTRIBUTORS FOR U.S.A. FOR PICTURES, PRICES, FULL DETAILS 


IVAN SORVALL, INC. LABORATORY CONSTRUCTION CO. 
210 FIFTH AVE., NEW YORK 10, N. Y. 1113 Holmes Steet © Kansas City, Mo. 


COME TO “THE KJELDAHL PEOPLE”... 


BROOKFIELD 
Synchro-Lectric 
VISCOMETER 


Makes accurate viscosity determinations jn 
less than 30 seconds — as simply, quickly, 
easily as taking temperature. 


BROOKFIELD 
Counter-Rotating 
MIXER 
Two i ppositely rotating shafts, 
propell quipped, prod up te 48,000 J 
scissor-tke cuts per minute. 
Write for fully descriptive literature, 


ENGINEERING LABORATORIES, INC 
218 Porter St., Stoughton, Max, 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
| INVERSION TESTS 

| HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 
SEMI-MICRO POLARIMETRY 
| MICRO POLARIMETRY 
| 


Write for new list PT12. 
O.C.RUDOLPH & SONS 


Manufacturers of 
| Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


Baker Products (Gen. 


linical, research, engineering, Cc — Div., Allied Chem. & Dye 


ality control, etc. 
q ity Baker "Chemical IFC 
Blakiston Company, The. 
MATERIALS TESTING Boekel & Ine., Wm... 
Bowen Engineering, Eres 42 
EQUIPMENT Buffalo Apparatus Co.............. 17 
Cambosco Scientific Co........ ; 45 
* Central Scientific Co.. ox 18 
emical Rubber Co............ . 4 
HIGH-PRESSURE Coleman & Bell Co., Inc....... oo 

joors Porcelain Co................ 
for pressures to 100 000 psi Corning Glass Works.............. 26 
< nd Delta Chemical Works............. 47 
& temperatures to 2500°F Eastman Kodak Co............... 33 
(pilot plants, reaction vessels, tea Be 
valves and fittings, pumps, com- Eitel-McCullough, Inc....... 
Fisher Scientific Co............. 
weight gages, etc.) Gamma Scientific Co.............. 47 
WRITE FOR LITERATURE 
4? Harshaw Scientific................ 24 
International Eq ui ment Co.. IBC 
Interscience Publishers, Inc......... 31 


SPRING MARYLANO 


ORGANIC NITROGEN = 
New, Revised — — $8.75 


FUNDAMENTAL ORGANIC CHEMISTRY 
New, Revised — $4.50 


University Lithoprinters, 
Ypsilanti, Michigan 


*INEXPENSIVE 
*EFFECTIVE 
*PROFITABLE 


That's what they say about 
Chem Ed Buyers’ Guide. 


RATES 
12 insertions.......... $6.75 per inch 
6 insertions.......... 7.75 per inch 
Less than 6 insertions... 8.75 per inch 


LABORATORY ADVERTISERS’ INDEX 
Acme Laboratory Equipment Co.... 45 Kern Company....... 
S Amend Drug & Chemical Co., Inc... 40 44 
American Balance Corp............ 43 7. 
' My T R u he € be T 4 American Book Company.......... 46 Laboratory Construction Co 32 
Angel & Co., Inc., H. Reeve........ 38 aPine & Co., Arthur 8. wseeee 
Chemical, biological, physical, Appleton-Century-Crofts, Inc...... 34 Leeds & Northrup Co.............. 28 


Linde Air Products Co., The (Unit 
of Union Carbide & Carbon Corp.) 49 


McGraw-Hill Book Co., Inc........ FC 
Machiett & Son, 38 
Macmillan Company, ee 19 
Mallinckrodt Chemical Works... .. 25 
Muller John P.. 47 
New York Laboratory Supply Co. 

Ohaus Scale Corp.........:.... 
Prentice-Hall, Inc................. 
Rupp & Bowman Co............... 40 
Schaar & Co. 


Schleicher & Schueli Co., Carl... .... 48 
Scientific Glass Apparatus Co., Ine.. 39 


Southern Scientific Co............. 7 
Standard Scientific Supply Corp..... 
Thermo Electric Mfg. Co........... 49 
Thomas Co., Arthur 
Torsion Balance Co..............- ll 


Union Carbide & Carbon Corp. (The 
o Air Products Co., Unit . 49 
S. Stoneware Co.. 


Welch Scientific Co., W. M......... 30 
Wiley & Sons, Inc., John.......... 4 
Wilkens-Anderson Co.............. 41 
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SODIUM SHOT 
1-2 mm., under xylene 
PIERCE CHEMICAL COMPANY 
P. O. Box 117 Rockford, ti. 


INDEX OF REFRACTION LIQUIDS 


Valuable Aid for Id of Mi ls and 
other Solids by the Immersion Method 
Range 1.400=1.700, intervals of 0.002, or as 
selected. Index Certified to + 0.0002 
High Range 1.71-1.83, intervals of 0.01 
Write for Price List Nd-JCE 
R. P. CARGILLE 
BArclay 7-5454 
118 Liberty Street New York 6, N. Y. 


tificati 


Hafnium Cesium Rubidium Niobium 
Metals and Salts 
Your inquiries invited 
Manufectered by 
DE REWAL INTERNATIONAL 
RARE METALS CO, 
346 N. Orianna St. Philadelphia 6, Penna. 


AMINO ACIDS—RESEARCH 
BIOCHEMICALS | 


Basic Producers of HYDROXYPROLINE | 
PROLINE, ARGININE 
L- and D- ISOMERS, ETC. 
Write for our Catalogue 


H.M. CHEMICAL CO.,LTD. 


144 No. Hayworth Ave., Los Angeles 48, Calif. 


APPARATUS CHEM FD BUYERS’ GUIDE CHEMICALS 
EQUIPMENT SERVICES 


n-Amy! Carbamate 
iso-Butylene Oxide 
Carcinogenic Hydrocarbons 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


ALUMINUM iso-PROPOXIDE, 
Crystals, Reagent Grade 


Amines and Alcohols 
Unnatural Amino Acids 
Chaulmoogric Acid, Chromyl Chloride, 
Coniine, 2,6-Diaminopurine, Heptadecyl 
Alcohol, Homogentisic Acid, Hydnocarpic 
Acid, Mezcaline, Nonadecyl Alcohol, 
Orcyl Aldehyde, Syringaldehyde, and 
others. 


HUNTINGTON CHEMICAL LABORATORY 
Box 1737 Huntington, W. Va. 


@ Non-Rusting 


sorted Sizes. 


1308 Evergreen 


Stainless Steel 
For Laboratory Glassware 


@ Easy to Apply 
Sizes: Extra Small; Small; Medium; Large; Extra Large and As- 


Your supply dealer is your nearest source of supply. 
Leashes and seventeen other new and useful items are fully illus- 
a trated in our last issue of “LAB CARE”. * 


Write for your copy to 
METAL PRODUCTS CO. 


LEASHES 


@ Heat Resistant 


Houston 17, Texas 


Lit 
».) 


Resistant to nearly all inorganic concentrated 
acids, alkalis, and salt solutions. Non-flam- 
mable—Requires no primer. Shipped via 
Write for literature. 

$1.85 


4 
4 
parcel post. 4 
1 pt. can black 4 

1 pt. can green 1.95 4 

4 oz. brush cleaner 

f. o. b. Burbank : 
VARNITON LABEL VARNISH } 
V-21 For General Label Protection (via 4 
Express only) q 

V-21B_ ‘For Protection against Con. Acids 4 
and Con. Alkalis (mailable) 4 

16 oz. can plus 2 oz. bottle and 4 
brush dispenser $1.50 f.0. b. Burbank 4 
Purchase from your laboratory dealer . 
THE VARNITON COMPANY } 

416 N. Varney St. Burbank, California 4 


pH PAPERS 


Accurate pH Values 

in a few seconds 

Sensitivity 0.05 pH 
Indicator AND control-colors on SAME 
strip. Control-colors in steps of 0.2 pH. 


For buffered and unbuffered solutions 
covering the entire zange. 


PAUL FRANK 


118 E. 28th St. New York 16, N. Y. 


35° C. TO 60 


eliminates inner door—provides undi 


Send for Catalog 


representatives. 


BACTERIOLOGICAL INCUBATORS 


ADJUSTABLE, ACCURATE, AUTOMATIC CONTROL 
., C. Choice of Two Models— 
Dry Heat or Humidified 


Built-in Duplex Glass Viewing Window, permits continuous observation 
environment @ Stainless Stee! 
interior — easy to clean — Heavily insulated — prevents radiation losses @ 
Double Gasketed Door —eliminates Air Infiltration @ Low Wattage 
Heaters — economical and long lasting @ Adaptable for paraffin embedding. 


Due to factory =. ee openings for several more technical 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 
Vitamins and Derivatives 


17 West 60th St., New York 23, N. Y. 
Plaza 7-817) 


COLLEGE BLENDER 


B-29790 TUMBLE JAR BLENDER 
Glazed chemical stoneware, 6” O.D. 
8” high, rubber gasketed lid for wet 
or dry mixing. Cadmium plated clamp 
and base. Over all height 13”, hand 
operated, without grinding balls. 


SCIENTIFIC CO, 
PITTSBURGH 22, PA. 


$19.50 
BODE 
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WHAT’S NEW 
in the Second Edition 


POLAROGRAPHIC METHOD OF ANALYSI 


By OTTO H. MULLER, Associate Professor, State University 
New York, Medical Center at Syracuse University, Syracuse, N, | 


In revising ‘*‘Polarographic Method of Analysis,’ the author added 
much new material making the second edition virtually a new book. 
It has been completely reset, revised and enlarged to 209 pages. Fol- 
lowing is a list of some of the new material added to this edition: 


CHAPTER I Discussion of polarization, depolarizers, and sign of electrode potentials. 
CHAPTER II Time saving apparatus and recording instruments and their wiring circuits. 


CHAPTER III The analytical application of maximum suppression. 
Exaltation of current in absence of supporting electrolyte. 
Kinetic current and three possible ways in which it may be produced. 
Catalytic current and recent developments in this field. 


CHAPTER IV Electrode deposition of metals from complex metal ions. Reaction of 
organic compounds in unbuffered solutions and demonstration of buffer 
action. In this a suggestion is made about using the method of buffer 1 
action as a method of the quantitative analysis of non-electroactive sub- 

stance. Influence of temperature and solvent on the half wave potential. 

Reduction of hydrogen ions at the dropping mercury electrode. 


CHAPTER V Polarometry is now treated as a separate chapter and has been extended. 


CHAPTER VI __ is completely new. It treats such recent developments as differential 
polarography, derivative polarography and oscillographic polarography. 
Also in this chapter are discussed newer developments in electrodes which 
are used for polarographic analysis, such as the multiple dropping mercury 
electrode, the knock-off electrode, and the streaming mercury electrode 
and various forms of platinum electrodes, such as the stationary and 
rotating platinum electrodes, and the by-pass electrode. 


CHAPTER VII _ is the old chapter 5, to which have been added method of standard addi- 
tion, method of step quotients, pilot ions, and their use, the electrolysis 
prior to polarographic analysis, the anomolous wave and the protein index. 


CHAPTER VIII In this chapter are discussed the various factors which may cause irregu- 
larities in polarographic curves. Also given is the information which 
makes it possible to characterize any given electrode and to select a capil- 
lary for a dropping mercury electrode with a desirable drop time and 
drop weight. 


An appendiz has been added in which are given the potentials of reference electrodes as well 
as a list of useful buffers for polarographic analysis. Finally, an index has been added which 
should make the book much more valuable than its predecessor. 


209 pp illustrated $3 
Order your copy today from 


CHEMICAL EDUCATION PUBLISHING CO. 


PENNSYLVANIA 
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Size 1 Model SBV 


Size 2 Model V 


Two New Centrifuge Models 


New International Size 1 Model SBV and Size 2 Model V Centrifuges embody the many 


| time-proven features found in their predecessors 


- the Size 1 Type SB and Size 2 machines 


—and in addition incorporate important engineering improvements. A transformer-type 
speed controller replaces the resistance rheostat heretofore used and the Centrifuges are now 
shipped to you mounted on a permanently attached sub-base equipped with casters. 


Speed Controller 


Stepless, uniform speed control throughout 
the entire range is achieved and troublesome 
heating of — and heat radiation from — the 
controller is eliminated. Controller and two- 
hour automatic timer are mounted in an at- 
tractive enclosing cabinet conveniently lo- 
cated on the side of the Centrifuge steel guard. 


Sub-Base Mounting 


No assembly of any kind is necessary. No 
separate portable stand to bother with. 
Simply uncrate the completely assembled 
unit, wheel it to the electric outlet and plug 


it in. Specially designed vibration damp- 
eners, incorporated in the sub-bas., provide 
maximum absorption of horizontal and vertical 
vibration and prevent their transmission to the 
floor of the laboratory. 


Accessories 


All interchangeable heads, shields, cups, 
and attachments listed for the discontinued 
SB and Size 2 machines fit the new models. 
Thus the Model SBV and Model 2V offer the 
same versatility and adaptability to your re- 
quirements. Send today for descriptive Bulle- 
tins V-1 and V-2 containing complete details. 


INTERNATIONAL EQUIPMENT ‘COMPAN 


eee (1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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PROMPT NATION -WIDE DELIVERY 


When you need... 


laboratory chemicals from Tested Purity reagent grade to commercial—pre- 
packaged for prompt shipment, 


modern apparatus including test tubes and beakers, Castaloy appliances, 
burettes and bottles, flasks and filter papers, 


laboratory furniture for a completely new installation or single units for a 
specific purpose, direct from stock, 


scientific instruments for weighing or measuring, analyzing or synthesizing, 
mixing or sorting, testing or controlling, 


... Write to any of the five conveniently located plants 
Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPANY 


Stocks at: 
717 Forbes, Pittsburgh (19), Penna. 635 Greenwich, New York (14), New ‘ 


2109 Locust, St. Louis (3), Mo. 7722 Woodbury, Silver Spring, Md. § JOH 
In Canada: Fisher Scientific Co., Ltd., 904 St. James, Montreal ) Fou 
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